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Intraocular Pressure Increase Associated With 


Epsilon-Aminocaproic Acid Therapy for Traumatic 


Hyphema 





Mariana C. Dieste, M.D., Peter S. Hersh, M.D., Jan A. Kylstra, M.D., 
Wayne I. Larrison, M.D., Donald A. Frambach, M.D., 
and Bradford J. Shingleton, M.D. 


We treated five patients receiving epsilon- 
aminocaproic acid who demonstrated sudden 
and accelerated clot dissolution with accompa- 
nying increases in intraocular pressure 24 to 96 
hours after discontinuing treatment. All of 
these patients required additional ocular hy- 
potensive medications and one patient re- 
quired anterior chamber washout for persis- 
tently increased intraocular pressure. These 
findings suggest that certain patients with 
hyphema may be at risk for significant intraoc- 
ular pressure increases following cessation of 
epsilon-aminocaproic acid therapy. 


INCREASED INTRAOCULAR PRESSURE is one of 
the many complications of traumatic hyphema 
that may ultimately result in impaired vision. It 
is particularly associated with rebleeding (sec- 
ondary hemorrhage). Usually occurring on the 
second to sixth day after injury in 3⁄2% to 38% 
of patients after traumatic hyphema, rebleed- 
ing may be caused by lysis and retraction of the 
clot that is occluding the traumatized iris or 
angle vessel." Secondary hemorrhage is asso- 
ciated with a poorer visual prognosis because 
of the increased risk of high intraocular pres- 
sure, corneal blood staining, development of 
peripheral anterior synechia, and the occasion- 


Accepted for publication July 8, 1988. 
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al need for intraocular surgery with its attend- 
ant risks. 

The antifibrinolytic agent epsilon-aminoca- 
proic acid has been shown to reduce signifi- 
cantly the incidence of rebleeding after trau- 
matic hyphema.*™" The drug is associated with 
occasional nausea, vomiting, lightheadedness, 
and postural hypotension, but these side ef- 
fects are usually mild, making it a well- 
tolerated drug.*"*" In randomized controlled 
studies, the intraocular pressure increase ob- 
served with secondary hemorrhage (rebleed- 
ing) after traumatic hyphemas occurs both in 
patients receiving placebo and in those receiv- 
ing epsilon-aminocaproic acid.™® The differ- 
ence in intraocular pressure increase during 
treatment with epsilon-aminocaproic acid or 
placebo is not statistically significant between 
the two treatment groups.""’ Intraocular pres- 
sure increases can, therefore, occur both with 
uncomplicated traumatic hyphemas, whether 
treated with epsilon-aminocaproic acid or not, 
as well as in patients with traumatic hyphemas 
complicated by rebleeding. A subset of patients 
not previously described, however, are those 
treated with epsilon-aminocaproic acid who 
developed increased intraocular pressure upon 
cessation of epsilon-aminocaproic acid, pre- 
sumably related to rapid clot dissolution. We 
observed this association in five patients. 





Patients and Methods 





During the one-year period from July 1, 1986, 
to June 30, 1987, 85 patients with traumatic 
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hyphema were admitted to the Massachusetts 
Eye and Ear Infirmary. They were treated ac- 
cording to a standard hyphema management 
protocol including treatment with five days of 
in-hospital bed rest (head of bed elevated 30 
degrees, bathroom privileges), shielding of the 
injured eye, topical corticosteroids (predniso- 
lone acetate 1%, frequency dependent on the 
degree of anterior chamber inflammation), top- 
ical cycloplegia (atropine sulfate 1% twice 
daily), prohibition of aspirin use, and five days 
of oral epsilon-aminocaproic acid (50 mg/kg of 
body weight every four hours, not to exceed 30 
g in 24 hours) if not contraindicated. Retrospec- 
tive chart review indicated that approximately 
60% of these admitted patients actually re- 
ceived epsilon-aminocaproic acid as part of 
their medical regimen. If medically stable, pa- 
tients were discharged after five days. 





Case Reports 








Case 1 

A 26-year-old man sustained blunt trauma to 
his right eye while mowing his lawn. On exami- 
nation three hours after injury, visual acuity 
was R.E.: 20/25 and L.E.: 20/15. The right ante- 
rior chamber was deep with a moderate cellular 
reaction and a layered 40% hyphema. Associat- 
ed injuries consisted of a small inferior vitreous 
hemorrhage. Intraocular pressure by applana- 
tion tonometry was R.E.: 18 mm Hg and L.E.: 
19 mm Hg. The patient was admitted and man- 
aged on standard hyphema protocol, including 
5 g of epsilon-aminocaproic acid every four 
hours. During the five days of epsilon- 
aminocaproic acid therapy, the layered 
hyphema decreased to approximately 35% and 
the anterior chamber reaction remained mild 
(Fig. 1). Intraocular pressures by applanation 
tonometry as measured daily in the right eye 
were 17, 10, 11, 9, and 14 mm Hg. On discharge 
he was placed on atropine 1% twice daily in the 
right eye and prednisolone acetate four times 
daily in the right eye. Visual acuity was R.E.: 
20/25. 

On examination 24 hours later, visual acuity 
had decreased to R.E.: hand motions. The clot 
remained at approximately 30% of the anterior 
chamber height, but had retracted from the 
cornea and the angle. The anterior chamber 
demonstrated a marked cellular reaction mim- 
icking a rebleed. Such cells, however, were 
attributed to clot lysis, as the layered hyphema 





Fig. 1 (Dieste and associates). Case 1, day 5 of 
epsilon-aminocaproic acid therapy. Visual acuity is 
20/25 and tension by applanation is 14 mm Hg. Note 
the well-formed 35% layered hyphema. 


itself was smaller. Intraocular pressure by ap- 
planation tonometry was R.E.: 20 mm Hg. The 
patient was readmitted for bed rest and close 
observation. Epsilon-aminocaproic acid thera- 
py was not reinstituted. 

Results of examination 72 hours after 
epsilon-aminocaproic acid was discontinued 
were unchanged except for an increased intra- 
ocular pressure by applanation tonometry to 
R.E.: 45 mm Hg. Visual acuity remained at 
hand motions. The patient was started on a 
regimen of timolol 0.5% twice daily in the right 
eye and 250 mg of acetazolamide four times 
daily. 

On the following day (nine days after the 
original injury and four days after cessation of 
epsilon-aminocaproic acid), the anterior cham- 
ber view remained hazy because of circulating 
cells and visual acuity remained at hand mo- 
tions (Fig. 2). The clot had decreased in size to 
approximately 25%, but the intraocular pres- 
sure was 42 mm Hg. Administration of oral 
glycerol lowered the pressure to 32 mm Hg. 

On the fifth day after cessation of epsilon- 
aminocaproic acid therapy, the intraocular 
pressure by applanation tonometry was 50 mm 
Hg despite timolol, acetazolamide, and oral 
glycerol. The clot had retracted to 20%, but the 
anterior chamber remained filled with free cir- 
culating cells. The next day (six days after 
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Fig. 2 (Dieste and associates). Case 1, day 4 after 
cessation of epsilon-aminocaproic acid. Visual acuity 
is hand motions and tension by applanation is 42 mm 
Hg. The clot is now 25% of the anterior chamber 
height. Note, however, the obscuration of the green 
color of the iris and the other iris details by the 
circulating anterior chamber red blood cells. 


epsilon-aminocaproic acid was discontinued), 
visual acuity was hand motions and the intra- 
ocular pressure was 42 mm Hg. The patient 
underwent anterior chamber washout via two 
paracentesis sites, after which only a small clot 
remained inferiorly. 

On the first postoperative day visual acuity 
was R.E.: 20/60. There was minimal anterior 
chamber cellular reaction and a small retracted 
clot. Intraocular pressure was 9 mm Hg. Re- 
sults of the ocular examination were un- 
changed the following day, and the patient was 
discharged on a regimen of prednisolone ace- 
tate 1% four times a day, erythromycin oint- 
ment twice daily, and cyclopentolate 1% four 
times a day in the right eye. 

Microscopic examination of the anterior 
chamber washings demonstrated a monoto- 
nous array of normal-appearing red blood cells. 

Three weeks postoperatively (42 weeks after 
injury) visual acuity was R.E.: 20/20. The ante- 
rior chamber was deep and quiet with no clot. 
Intraocular pressure was 14 mm Hg. Results of 
ophthalmoscopic examination, including scler- 
al depression, were normal, except for the infe- 
rior vitreous hemorrhage noted previously. 
Gonioscopy showed two clock hours of angle 
recession superiorly. 


Case 2 

A 15-year-old girl was hit in the left eye by a 
chocolate chip cookie thrown across the school 
cafeteria. On examination, visual acuity was 
R.E.: 20/20 and L.E.: 20/25. A corneal abrasion 
and a 20% layered hyphema in the left eye were 
associated with a marked cellular reaction in 
the anterior chamber. Intraocular pressure by 
applanation tonometry was L.E.: 19 mm Hg. 
She was admitted and managed on standard 
hyphema management protocol, including 1.5 
g of epsilon-aminocaproic acid every four 
hours. Her condition remained stable, and a 
well-layered 20% anterior chamber clot formed 
associated with a gradual decrease in the ante- 
rior chamber reaction. Daily intraocular pres- 
sures by applanation tonometry in the left eye 
were 7, 13, 15, 22, and 28 mm Hg. On day 5 
after injury, the 20% hyphema remained, the 
free anterior chamber cells were minimal, and 
visual acuity was 20/25. She was discharged on 
a regimen of homatropine 2% twice daily, pred- 
nisolone acetate 1% four times a day, and 
timolol 0.5% twice daily in the left eye. 

On follow-up examination two days after 
discharge (seven days after injury and two days 
after epsilon-aminocaproic acid was discontin- 
ued), visual acuity was L.E.: 20/50. The left 
anterior chamber exhibited a marked cellular 
reaction, and the clot was smaller in size and 
appeared less compact. The increased number 
of anterior chamber red blood cells was attrib- 
uted to clot lysis, as the layered hyphema had 
decreased in size. Intraocular pressure by ap- 
planation tonometry was L.E.: 32 mm Hg. Ac- 
etazolamide, 250 mg orally, four times a day 
was added to her medical regimen. 

Three days after discontinuing epsilon- 
aminocaproic acid therapy (postinjury day 8), 
visual acuity was L.E.: 20/50. The anterior 
chamber was noted to have a large number of 
cells, many of which were khaki colored, and 
the clot was smaller. Intraocular pressure was 
19 mm Hg. Two days later, visual acuity was 
20/25, the anterior chamber contained no clot 
but a moderate number of red blood cells, and 
tension by applanation was 28 mm Hg. 

Fifteen days after the initial injury, visual 
acuity was L.E.: 20/15. The number of free- 
floating red blood cells in the anterior chamber 
was markedly reduced. Intraocular pressure by 
applanation tonometry was 22 mm Hg on 
timolol and acetazolamide therapy. 

Three weeks after injury, visual acuity was 
L.E.: 20/25 and intraocular pressure by appla- 
nation tonometry was 21 mm Hg on timolol 
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0.5% twice daily. Gonioscopy demonstrated 
angle recession for three clock hours in the left 
eye, with a small peripheral anterior synechia 
at the 12 o’clock meridian. 

Five weeks after injury, visual acuity was 
L.E.: 20/20, the anterior chamber showed only 
rare cells, and tension by applanation was 18 
mm Hg. After dilation of the pupil, results of 
indirect ophthalmoscopy with scleral depres- 
sion were unremarkable. All medications were 
discontinued. 

Three months after injury, visual acuity was 
L.E.: 20/20 and tension by applanation was 18 
mm Hg. 


Case 3 

A 24-year-old man was struck in the left eye 
with a piece of cardboard. On examination 
visual acuity was R.E.: 20/25 and L.E.: 20/70. 
Associated injuries included a mild left upper 
eyelid contusion, a superficial abrasion across 
the bridge of the nose, a corneal abrasion, anda 
small amount of vitreous hemorrhage inferior- 
ly. He had a 40% hyphema with a marked 
anterior chamber cellular reaction. Intraocular 
pressure by applanation tonometry was 15 mm 
Hg in each eye. On standard hyphema manage- 
ment protocol, which included 3.75 g of 
epsilon-aminocaproic acid every four hours, 
his condition remained stable during the five- 
day hospitalization period. Daily intraocular 
pressures by applanation tonometry in the left 
eye were 14, 15, 10, 12, and 10 mm Hg. He was 
discharged after completing a five-day regimen 
of epsilon-aminocaproic acid. Visual acuity was 
L.E.: 20/50, and there was a well-formed 40% 
anterior chamber clot and a moderate anterior 
chamber reaction. Discharge medications in- 
cluded atropine sulfate 1% twice daily and 
prednisolone acetate 1% four times a day in the 
left eye. 

On follow-up examination 48 hours after 
epsilon-aminocaproic acid was discontinued 
(seven days after initial injury), visual acuity 
was L.E.: counting fingers at 2 feet. The left 
anterior chamber contained a large number of 
circulating red blood cells and a 40% clot. 
Intraocular pressure by applanation tonometry 
was L.E.: 20 mm Hg. The posterior pole could 
not be visualized. Results of B-scan ultrasound 
were unremarkable. 

Three days after discontinuing epsilon- 
aminocaproic acid, visual acuity remained 
counting fingers at 2 feet. There was a loose 
40% anterior chamber clot in the left eye, with 


many khaki-colored circulating cells in the 
anterior chamber. Tension by applanation was 
L.E.: 38 mm Hg, and timolol 0.5% twice daily in 
the left eye was added to the medical regimen. 
Two days later, visual acuity was hand motions 
at 5 feet. There was no evidence of corneal 
blood staining. There was a small residual clot 
and the anterior chamber was filled with circu- 
lating khaki-colored cells. Tension by applana- 
tion tonometry was 40 mm Hg. The patient was 
treated with oral glycerol and 500 mg of acet- 
azolamide Sequels twice daily. The next day his 
visual acuity had improved to hand motions at 
20 feet, and tension by applanation tonometry 
was 34 mm Hg. 

Ten days after cessation of epsilon- 
aminocaproic acid therapy (15 days after inju- 
ry), visual acuity was L.E.: 20/50. The left 
anterior chamber contained no clot but a mod- 
erate number of circulating red blood cells were 
present. Intraocular pressure by applanation 
tonometry was 16 mm Hg. Acetazolamide was 
discontinued. 

One week later, visual acuity was L.E.: 20/40. 
Results of the anterior chamber examination 
were unchanged. Indirect ophthalmoloscopy 
with a dilated pupil demonstrated resolving 
vitreous hemorrhage inferiorly. 

Two months after injury, visual acuity was 
L.E.: 20/25. There was a mild anterior chamber 
cellular reaction. Medications included timolol 
0.5% twice daily and prednisolone 1% four 
times a day in the left eye. Gonioscopy dis- 
closed 360 degrees of angle recession, with 
some scattered peripheral anterior synechiae 
inferiorly. Intraocular pressure by applanation 
tonometry was 24 mm Hg. 

Four months after injury, on prednisolone 
1% four times a day in the left eye, there was no 
anterior chamber cellular reaction. Visual acu- 
ity was 20/15 and tension by applanation was 
16 mm Hg. 


Case 4 

A 21-year-old man was poked in his left eye 
with a finger during a basketball game. He had 
had blunt trauma to his right eye seven years 
previously without visual compromise. On ini- 
tial examination, visual acuity was R.E.: 20/25 
and L.E.: hand motions. The left anterior cham- 
ber showed a 40% hyphema with a large num- 
ber of circulating red blood cells. Tension by 
applanation tonometry was R.E.: 11 mm Hg 
and L.E.: 20 mm Hg. He was given standard 
hyphema treatment, including 2.5 g of epsilon- 
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aminocaproic acid every four hours as well as 
timolol 0.5% twice daily in the left eye. On day 
2 of epsilon-aminocaproic acid therapy, the 
layered hyphema was reduced to 25%. Intraoc- 
ular pressure by applanation tonometry was 
L.E.: 36 mm Hg, and 250 mg of oral acetazol- 
amide was added to his medical regimen. Intra- 
ocular pressure was 28 mm Hg on day 3 and 24 
mm Hg on day 4. On the fifth day of epsilon- 
aminocaproic acid therapy, visual acuity was 
L.E.: 20/40. His left anterior chamber contained 
a 15% clot with a small number of circulating 
red blood cells. Intraocular pressure by appla- 
nation tonometry was L.E.: 29 mm Hg. Dis- 
charge medications included prednisolone ace- 
tate 1% four times a day and timolol 0.5% twice 
daily in the left eye, and 250 mg of oral acet- 
azolamide four times a day. 

On follow-up examination 24 hours after ces- 
sation of epsilon-aminocaproic acid (six days 
after injury), visual acuity was L.E.: 20/50. A 
10% clot was present in the left anterior cham- 
ber with a large number of free red blood cells. 
Tension by applanation tonometry was R.E.: 8 
mm Hg and L.E.: 38 mm Hg. 

Two days after epsilon-aminocaproic acid 
was discontinued, visual acuity in the left eye 
was reduced to hand motions at 6 feet. The 
cornea showed diffuse microcystic edema. The 
anterior chamber still had a marked cellular 
reaction with a 10% clot. Intraocular pressure 
by applanation tonometry was 46 mm Hg. The 
patient received glycerol and 500 mg of acet- 
azolamide orally. On days 3 and 4 after cessa- 
tion of epsilon-aminocaproic acid therapy, ten- 
sion by applanation was 33 and 40 mm Hg, 
respectively, on timolol and acetazolamide. Re- 
sults of the ocular examination remained un- 
changed. 

On the sixth day after cessation of epsilon- 
aminocaproic acid, visual acuity was L.E.: 
20/60. The left anterior chamber contained a 
10% clot with a new 5% layering of red blood 
cells, and a marked increase in the number of 
circulating red blood cells in the anterior cham- 
ber was noted. Intraocular pressure by appla- 
nation tonometry was 17 mm Hg. The patient 
was readmitted with a presumptive rebleed, 
and epsilon-aminocaproic acid therapy was re- 
instituted. He was treated for an additional five 
days according to standard hyphema manage- 
ment protocol, including oral epsilon- 
aminocaproic acid. The intraocular pressure 
remained normal, and there was gradual reso- 
lution of the anterior chamber clot. 
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Two weeks after discharge, gonioscopy 
showed no angle recession. Two and one half 
months after injury, after dilation of the pupil, 
results of indirect ophthalmoscopy with scleral 
depression were unremarkable. Intraocular 
pressure was 12 mm Hg in each eye without 
medications, and visual acuity was L.E.: 20/25. 


Case 5 

A 46-year-old woman was struck in the right 
eye with a tennis ball. Initial visual acuity was 
R.E.: counting fingers at 10 feet and L.E.: 20/30. 
There was a 30% hyphema in the right eye. 
Intraocular pressure by applanation tonometry 
was R.E.: 28 mm Hg and L.E.: 16 mm Hg. She 
was treated according to the standard hyphema 
management protocol including 3.7 g of 
epsilon-aminocaproic acid every four hours 
and timolol 0.5% twice daily in the right eye. 
Daily intraocular pressures by applanation to- 
nometry in the right eye were 15, 8, 8, 10, and 
12 mm Hg. Epsilon-aminocaproic acid was dis- 
continued on day 4 of treatment secondary to 
significant postural hypotension. On day 5 of 
hospitalization (24 hours after epsilon- 
aminocaproic acid was discontinued), an in- 
creased number of free-floating red blood cells 
were present in the anterior chamber and the 
clot had decreased in size compared to the 
previous day, but the intraocular pressure was 
normal at R.E.: 12 mm Hg. Visual acuity at 
discharge was R.E.: 20/25. Discharge medica- 
tions included atropine 1% twice daily and 
prednisolone 1% four times a day in the right 
eye. She was initially seen 72 hours after dis- 
charge (96 hours after epsilon-aminocaproic 
acid was discontinued), at which time her visu- 
al acuity was reduced to R.E.: 20/50. The right 
anterior chamber contained a moderate num- 
ber of red blood cells and a loose 25% clot. 
Tension by applanation was R.E.: 48 mm Hg. 
She received oral glycerol, and timolol 0.5% 
twice daily and 500 mg of acetazolamide Se- 
quels twice daily were added to her medical 
regimen. 

By the next day, visual acuity was R.E.: 
20/25. The right anterior chamber showed a 
marked increase in the number of circulating 
red blood cells and an unformed clot. Tension 
by applanation was R.E.: 20 mm Hg. She was 
then referred to a local ophthalmologist. Medi- 
cations at that time included timolol 0.5% twice 
daily and prednisolone acetate 1% four times a 
day in the right eye, and 500 mg of acetazol- 
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amide Sequels orally twice daily. Results of 
follow-up gonioscopy were not available. 





Discussion 





Aminocaproic acid acts primarily through its 
competitive inhibition of the conversion of 
plasminogen (profibrinolysin) to plasmin (fibri- 
nolysin), thereby delaying clot dissolution." 
This presumably allows time for the integrity of 
the traumatized vessel to be reestablished, de- 
creasing the incidence of rebleeding.’ We have 
observed stabilization of anterior chamber clots 
with epsilon-aminocaproic acid therapy, and 
others have also noted a trend toward slower 
clinical clot dissolution while the patient is 
being treated with epsilon-aminocaproic 
acid.*"” 

After completion of a five-day course of oral 
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epsilon-aminocaproic acid therapy, however, 
we observed what appeared to be active and 
accelerated clot dissolution, mimicking a 
rebleed in some patients. Since the layered clot 
decreased in size at this time, and circulating 
anterior chamber cells often appeared khaki 
colored rather than red, it is likely that the new 
anterior chamber cells were derived from clot 
lysis and did not represent an actual rebleed. 
Moreover, this phenomenon occurred later 
than the typical time course of a rebleed, lend- 
ing furthur support to our hypothesis. 

More importantly, there was a concomitant 
rise in intraocular pressure that occurred with 
this clot dissolution, noted anytime from 24 to 
96 hours after discontinuation of epsilon- 
aminocaproic acid therapy (Fig. 3). The intraoc- 
ular pressure increase coincided with the ob- 
servation that the anterior chamber clot became 
loose, and the number of free-floating red 
blood cells in the anterior chamber increased. 
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Fig. 3 (Dieste and associates). Graph plotting intraocular pressure by applanation tonometry as a function of 
number of days on or off epsilon-aminocaproic acid (Amicar) therapy. The bars indicate the range of intraocular 
pressure at each sample time. The mean is shown by the divider line of each bar, and the mean numerical value 
is noted above the divider lines. The number of sample cases in each time sample is noted below the divider 
lines. Note the increase in intraocular pressure occurring 24 to 96 hours after discontinuation of epsilon- 


aminocaproic acid. Adm, admission. 
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In some patients, a khaki-colored ghost cell 
appearance to these cells was noted, although a 
pathologic specimen demonstrated normal- 
appearing red blood cells. 

This phenomenon was found in five of 85 
patients admitted for traumatic hyphema dur- 
ing a one-year period. Of these 85 patients, 
approximately 60% had received epsilon- 
aminocaproic acid as part of their medical regi- 
men. All five patients who demonstrated this 
phenomenon, however, had received epsilon- 
aminocaproic acid. 

In none of our cases was the intraocular 
pressure increase that occurred 24 to 96 hours 
after cessation of epsilon-aminocaproic acid 
therapy controlled solely with topical therapy. 
All patients required oral acetazolamide, four 
required oral glycerol, and one required surgi- 
cal intervention in the form of an anterior 
chamber washout. 

Our clinical and pathologic observations sug- 
gest that the mechanism of the intraocular 
pressure spike upon the discontinuation of 
epsilon-aminocaproic acid may be the result of 
blockage of the trabecular meshwork by the 
rapid liberation of red blood cells from the 
anterior chamber clot. Angle recession with 
direct trabecular meshwork damage may be a 
contributing factor to this intraocular pressure 
increase, but it does not appear to be of pri- 
mary importance because (1) intraocular pres- 
sure returned to normal in all patients after the 
blood cells had been resorbed or surgically 
removed, (2) angle recession typically is a cause 
of late glaucoma after traumatic hyphema, and 
(3) the degree of angle recession reported in 
our cases ranged from zero to 360 degrees. 
Likewise, a corticosteroid-induced intraocular 
pressure increase seems unlikely because of the 
strong temporal relationship between the in- 
creased intraocular pressure and the increased 
number of anterior chamber red blood cells in 
our patients. Additionally, corticosteroid- 
induced glaucoma characteristically occurs 
later than our observed intraocular pressure 
spike six to ten days after injury. Finally, intra- 
ocular pressure returned to normal as the ante- 
rior chamber cellular reaction decreased, even 
though corticosteroids were being continued or 
tapered in all of the patients reported herein. 

The relationship between the size of the 
hyphema and the incidence of rebleeding is 
uncertain. While Rakusin? and Edwards and 
Layden’ believe that the prognosis of traumatic 
hyphema is directly related to the size of the 


hyphema, others**” deny the association. In 
all cases reported herein, the size of the 
hyphema when epsilon-aminocaproic acid was 
discontinued was 15% or greater. We have not 
seen the accelerated clot dissolution phenome- 
non in smaller hyphemas. This suggests a mass 
effect governing the degree of clot lysis, cellu- 
lar liberation, and secondary intraocular pres- 
sure increase upon withdrawal of epsilon- 
aminocaproic acid. 

Intraocular pressure increases during the 
period of visible traumatic hyphema, with or 
without epsilon-aminocaproic acid treatment, 
is well described, as is the increased risk of 
intraocular pressure increase in traumatic 
hyphemas complicated by rebleeding.'47" 
Our observations should alert others to anoth- 
er subset of patients with traumatic hyphema 
with intraocular pressure increases whose 
pressure spikes occur upon cessation of 
epsilon-aminocaproic acid therapy and in asso- 
ciation with rapid clot lysis. Standard protocol 
in the management of hyphemas in many areas 
is to reexamine the patient one week after 
hospital discharge.**"” The intraocular pressure 
spikes in our patients, however, were observed 
between 24 and 96 hours after cessation of 
epsilon-aminocaproic acid treatment. Our 
findings, therefore, suggest that epsilon- 
aminocaproic acid-treated patients, especially 
those with large residual clots, should have 
their intraocular pressure checked earlier than 
the standard one week after hospital discharge. 
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OPHTHALMIC MINIATURE 

The light was always afflictive to his eyes; he carried in his pocket 
something like a skeleton brass candlestick, in which, setting it on the 
dinner-table, between him and the most afflictive or nearest of the chief 
lights, he touched a little spring, and there flirted out, at the top of his 
brass implement, a small vertical green circle which prettily enough threw 

his eyes into shade, and screened him from that sorrow. 
Thomas Carlyle, [William Wordsworth in His Seventies] 
“Portraits of His Contemporaries,” Reminiscences, 1867, 1881 








Ab Interno Sclerostomy With a High-Powered Argon 


Endolaser 








Glenn J. Jaffe, M.D., George A. Williams, M.D., William F. Mieler, M.D., 
and Ronald L. Radius, M.D. 


We used a high-energy argon blue-green 
laser (15-W maximum power output) to create 
full-thickness sclerostomies from the region of 
the anterior chamber angle to the subconjunc- 
tival space in pigmented rabbits using an ab 
interno approach. One to four laser pulses 
delivered through a 300-um noncontact fiber- 
optic probe produced patent sclerostomies in 
all 20 eyes treated using 0.1-second pulse dura- 
tion and 5 to 14 W of power. No intraoperative 
complications were encountered. Intraocular 
pressure, measured in 12 animals, decreased 
an average of 12 mm Hg in the treated eye 
relative to the fellow eye on the first postopera- 
tive day. The drop in intraocular pressure was 
associated with formation of a functioning 
filtration bleb. Intraocular pressure returned 
to preoperative levels in ten of 12 (83%) of the 
animals by the fourth postoperative day, and 
there was an associated flattening of the filtra- 
tion bleb. 

Histologic and radioautographic analysis in- 
dicated that the effect of the laser was focal. 
Tissue damage and cellular proliferative re- 
sponse were limited to within approximately 
200 pm of the wound margin. 


SURGICAL FAILURE following glaucoma filtra- 
tion surgery is often caused by scarring in the 
subconjunctival space.’* Surgical trauma in- 
creases vascular permeability that allows 
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egress of mitogens such as platelet derived 
growth factor, fibrinogen, and fibronectin. 
These substances can stimulate fibroblast pro- 
liferation and collagen synthesis, which may 
close the external opening of the trabec- 
ulotomy.** Ab interno approaches to the for- 
mation of full-thickness scleral defects may 
minimize damage to the overlying conjunctiva 
and improve the chance for permanent filtra- 
tion.’ A variety of techniques and instrumenta- 
tion have been described for the formation of 
an ab interno sclerostomy.” We conducted 
this study to investigate the feasibility of creat- 
ing an ab interno filtration fistula in adult 
pigmented rabbits, with a high-powered (15-W) 
argon blue-green laser coupled to a noncontact 
fiberoptic delivery system. We then investigat- 
ed the effect of this laser on adjacent untreated 
tissue with light microscopy and radio- 
autography. 





Material and Methods 





We used 20 adult, pigmented rabbits weigh- 
ing 2 to 3 kg for these experiments. Animals 
were anesthetized with a mixture of ketamine 
(20 mg/kg of body weight) and xylazine (3.5 
mg/kg of body weight). Sodium hyaluronate, 
0.1 ml, was injected subconjunctivally adjacent 
to the laser treatment site to elevate the con- 
junctiva from the sclera. A shelved stab inci- 
sion was made at the corneoscleral limbus 180 
degrees from the treatment site with a 23-gauge 
needle. The anterior chamber was then deep- 
ened with sodium hyaluronate. A 15-W, water- 
cooled argon laser (HGM, Model 20, Salt Lake 
City, Utah) with a 300-ym fiberoptic delivery 
system was used for laser treatments. The laser 
probe tip was passed through the limbal stab 
incision, across the anterior chamber, and posi- 
tioned approximately 0.5 mm from the angle 
recess. Single pulses of laser energy varying 
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from 5 to 14 W with a pulse duration of 0.1 
second were used to create full-thickness de- 
fects through the trabecular meshwork and 
sclera. Complete scleral perforation was veri- 
fied by passing the laser probe tip through the 
scleral defect into the subconjunctival space. 

In each eye of 12 animals, intraocular pres- 
sure was measured with a pneumotonometer 
and slit-lamp examination was performed im- 
mediately before laser treatment, and at daily 
intervals after treatment until enucleation. 
These animals were killed by intracardiac injec- 
tion of sodium pentobarbital and eyes were 
enucleated at intervals varying from one to 
four days after laser treatment. In eight addi- 
tional animals, intraocular pressure was not 
measured. These animals were killed and the 
eyes enucleated five minutes after laser treat- 
ment. 

Tritiated thymidine labeling of cell nuclei was 
used to determine the extent of cellular prolif- 
erative activity in the region of the sclerosto- 
my. In eight eyes, 24 hours before enucleation, 
20 «Ci (100 pl) of tritiated thymidine was inject- 
ed into the anterior chamber with a 30-gauge 
needle on a tuberculin syringe after removal of 
100 pl of aqueous humor. All eyes were fixed in 
glutaraldehyde and processed for light micros- 
copy. Serial sections through the lesion were 
obtained for light microscopy and autoradiog- 
raphy at 50-um intervals. Sections were dipped 
in photographic emulsion and developed over 
six days as previously described.” 


Results 





A full-thickness scleral defect from the re- 
gion of the anterior chamber angle into the 
subconjunctival space was created with one to 
four burns in all rabbits. Treatment parameters 
were 5 to 14 W of power and 0.1-second pulse 
duration (Table). The mean (+ S.E.) energy 
required to create a full-thickness fistula was 
1.7 + 0.4 joules. Two laser applications with 6 
to 8 W of power were usually sufficient to 
produce a patent sclerostomy. Small vapor 
bubbles were formed during the laser treat- 
ment. These bubbles could be seen to pass from 
the anterior chamber angle through the scleral 
defect into the subconjunctival space as the 
laser perforated the sclera. Completion of the 
sclerostomy was also associated with immedi- 
ate aqueous humor filtration and enlargement 
of the preformed subconjunctival bleb. 


TABLE 
LASER PARAMETERS TO PRODUCE FULL-THICKNESS 
SCLEROSTOMY* 
SSS 
RABBIT POWER (w) NO. OF LASER 
NO. PER LASER APPLICATION APPLICATIONS 
1 14 1 
2 10 3 
3 8 3 
4 8 2 
5 8 2 
6 8 2 
7 8 2 
8 8 2 
9 8 2 
10 8 2 
11 8 2 
12 8 2 
13 8 2 
14 7.5 2 
15 75 2 
16 7.5 2 
17 7.5 2 
18 6 2 
19 5 3 
20 5 4 


*Pulse duration was 0.1 second for all rabbits. 


None of the laser treatments were complicat- 
ed intraoperatively by visible conjunctival per- 
foration or thermal damage. There was no ante- 
rior chamber or subconjunctival hemorrhage. 
The anterior chamber depth was maintained 
during the entire treatment. No damage to the 
lens was noted. 

Intraocular pressure was measured in each 
eye of 12 animals. The average intraocular pres- 
sure (+ S.E.) in the treated eye decreased 12 + 5 
mm Hg relative to the untreated eye on the first 
postoperative day. As expected, the pressure 
steadily rose thereafter. It returned to the pre- 
operative level in two of 12 (16.7%) of the 
animals by two days and in ten of 12 (83.3%) by 
four days after treatment. A subconjunctival 
bleb was maintained on the first postoperative 
day in ten of 12 (83.3%) of the animals. Subse- 
quent bleb failure corresponded well to the 
return of intraocular pressure to baseline lev- 
els. On biomicroscopic examination, minimal 
anterior chamber flare and cells present after 
one day resolved after two to three days. Mild 
focal corneal edema, present in some animals 
on the first postoperative day, resolved by 
approximately four days. There was mild focal 
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iris atrophy adjacent to the treatment site in 
three animals. 

Histologic analysis—Light microscopy of le- 
sions five minutes after treatment showed a 
full-thickness scleral defect from the anterior 
chamber angle to the subconjunctival space. 
The diameter of the fistula was approximately 
400 um. Thermal damage appeared to be con- 
fined to the edges of the wound. There was 
focal scleral edema adjacent to the sclerostomy, 
extending for approximately 200 um from the 
margins of the defect (Fig. 1). The ciliary proc- 
esses were engorged in the region underlying 
the scleral tract. In some instances there was 
localized thermal damage to the superficial iris 
stroma overlying the swollen ciliary processes. 
The conjunctiva overlying the scleral defect 
was completely intact. The effect of laser abla- 
tion was localized. Tissue adjacent to the lesion 





Fig. 1 (Jaffe and associates). Full-thickness lesion 
obtained five minutes after laser treatment. Scleros- 
tomy extends from region of anterior chamber (S) 
angle to subconjunctival space (SS). Sclera at margin 
of lesion is acellular and edematous (arrowheads). 
Adjacent tissue appears normal. Conjunctiva is in- 
tact over bleb (hematoxylin and eosin, x 150). 





Fig. 2 (Jaffe and associates). Full-thickness lesion 
two days after laser treatment. Lesion is capped by 
plug resembling fibrin (double arrowheads). Margin 
of sclerostomy with edematous sclera is indicated by 
small arrowheads (hematoxylin and eosin, X 150). 


seemed minimally affected by the laser treat- 
ment. 

Two days after laser treatment eosinophilic 
material, which resembled fibrin, capped the 
external opening of the sclerostomy and ex- 
tended into the defect (Fig. 2). There were rare 
erythrocytes in the episcleral portion of this 
material. The zone of scleral edema surround- 
ing the sclerostomy again extended approxi- 
mately 200 to 250 um from the margins of the 
defect. Scattered polymorphonuclear and mon- 
onuclear cells were present in the subconjuncti- 
val space overlying the lesion and in the sclera 
immediately adjacent to the edematous, acellu- 
lar region. There was prominent focal swelling 
of the ciliary processes, similar in appearance 
to the acute lesion. 

Mononuclear cells resembling macrophages, 
fusiform cells resembling fibroblasts, conjunc- 
tival epithelial cells, and corneal endothelial 
cells had nuclear labeling with tritiated thymi- 
dine. The macrophage-like cells could be found 
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Fig. 3 (Jaffe and associates). Specimen taken from 
margin of sclerostomy four days after laser treatment 
(see Figure 2 for orientation). Cells labeled with 
tritiated thymidine (arrowheads) are restricted to a 
zone within approximately 1 mm of edematous sclera 
(double arrowheads). Adjacent sclera is free of la- 
beled cells (hematoxylin and eosin, x 750). 


in the subconjunctival space and in the sclera 
surrounding the region of scleral edema. Simi- 
larly, labeled fibroblasts were present in the 
sclera adjacent to the edematous region (Fig. 
3). This cellular proliferative activity did not 
extend farther than approximately 125 um from 
the edge of the sclerostomy. Labeling of con- 
junctival epithelial cells and corneal endotheli- 
al cells also was focal and did not extend be- 
yond approximately 125 um from the margin of 
the lesion. 

Four days after laser treatment the zone of 
scleral edema surrounding the lesion was still 
present, but diminished in width. The full- 
thickness scleral defect contained fibrin with 
minimal erythrocytes. Scattered polymorpho- 
nuclear cells were apparent in the subconjunc- 
tival space and in the sclera surrounding the 
edematous zone. Edema of ciliary processes 
adjacent to the lesion was diminished com- 
pared to two days after laser treatment. La- 
beled mononuclear cells were visible in an area 
extending approximately 150 um from the 
edematous sclera, but decreased in number 
from the lesion at two days. Unlike the lesion at 
two days, there was no labeling of corneal 
endothelial cells adjacent to the lesion. 





Discussion 





Brown and associates’ described the creation 
of a filtration fistula mechanically with a 
“‘trabeculophine”’ inserted at the corneoscleral 
limbus. Several different lasers have been used 
to form full-thickness scleral defects. March 
and associates™!! and Gherezghiher and associ- 
ates? performed sclerostomies with the YAG 
laser in rabbits, primates, and humans using a 
slit-lamp delivery system coupled with a corne- 
al contact lens. Higgenbotham, Kao, and 
Peyman” used a YAG contact probe to creat 
fistulae in rabbits. Argon ultraviolet,*™ 
excimer,“ and pulsed dye lasers? coupled to a 
fiberoptic probe inserted into the anterior 
chamber at the corneoscleral limbus have also 
been used to form scleral fistulas. 

High-energy argon blue-green lasers have 
been developed for use in nonophthalmic sur- 
gical applications." Argon blue-green lasers 
with relatively low maximal power output (2 to 
3 W) have been coupled to fiberoptic delivery 
systems and used for endophotocoagulation 
during vitreoretinal surgery.” 

In the present study, we found that a full- 
thickness sclerostomy could be created with an 
ab interno approach, with minimal damage to 
surrounding tissue, using a 15-W argon blue- 
green endolaser. No significant intraoperative 
complications such as anterior chamber hemor- 
rhage, flat chamber, or conjunctival disruption 
occurred. Postoperative complications were 
limited to mild transient corneal edema and 
focal iris atrophy. 

The average total energy required to produce 
a patent sclerostomy, 1.7 (range, 1.2 to 2.4) 
joules, was similar to that reported by March 
and associates"! using a noncontact Nd:YAG 
laser, Gaasterland and associates“ using an 
argon ultraviolet laser, and Javitt and col- 
leagues” using a contact Nd:YAG laser. It was 
less than the total energy required by Higgen- 
botham, Kao, and Peyman” (9 to 15 joules) 
using a contact Nd:YAG laser. Because of the 
high power densities obtainable, the argon 
laser used in the present study offers potential 
advantages over other conventional and exper- 
imental ophthalmic lasers. The high power 
density not only ablates tissue but also creates 
a thermal effect on adjacent tissue. As a conse- 
quence, blood vessels at the wound edge are 
cauterized simultaneously with photoablation. 
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Whereas we encountered no anterior chamber 
bleeding in this study, hyphema has been re- 
ported following the creation of an ab interno 
sclerostomy using other modalities. For exam- 
ple, hyphema complicated ab interno sclerosto- 
my in two of 15 animals using a sapphire tip 
Nd:YAG laser” and in two of 13 animals using a 
motorized trephine.’ The rabbit is predisposed 
to hyphema because the root of the iris lies 
close to the ciliary processes. 

Kattan and Gaasterland’ used an argon laser 
with a contact probe to create full-thickness 
defects in human cadaver eyes, using 2 to 3 W 
per pulse (208 joules total energy). Because the 
tissue studied was nonviable, however, the 
potential for hyphema using these laser power 
densities is unknown. 

The absence of bleeding noted in our study is 
probably related to the thermal effect produced 
by the laser at the wound margins. When this 
laser has been used to treat vascular brain 
tumor tissue in humans” and melanoma tissue 
in rabbits,” effective hemostasis has been simi- 
larly achieved. The ability to cauterize blood 
vessels would be particularly useful in the 
treatment of patients with neovascular glauco- 
ma, in whom surgery is often complicated by 
intraoperative hemorrhage.’ Additionally, the 
thermal effect causes a shrinkage of tissue that 
helps to retract the wound margins and may 
serve to maintain patency of the wound tract. 
There is evidence that thermal sclerostomy, in 
contrast to conventional glaucoma surgery, 
may help to prevent cellular influx into the 
filtration fistula,” and thus delay or prevent 
wound healing leading to bleb failure. 

The effect of the laser was localized histo- 
pathologically to the region immediately adja- 
cent to the margin of the lesion. The focal effect 
of the laser was further supported by study of 
cellular tritiated thymidine uptake. Actively 
dividing cells in the S-phase of the cell cycle 
will incorporate tritiated thymidine into their 
nuclei. Quiescent cells remain unlabeled. La- 
beling of cell nuclei with tritiated thymidine 
can thus be used as a marker for cellular prolif- 
eration in response to laser damage. Cellular 
labeling was restricted to a zone within 125 pm 
of the scleral edema surrounding the sclerosto- 
my. Adjacent tissue was normal histologically 
and was free of tritiated thymidine nuclear 
labeling. 

We found that intraocular pressure initially 
dropped in all animals on the first postopera- 
tive day following formation of a filtering bleb. 


This drop corresponded to the presence of a 
patent scleral fistula by light microscopy. Intra- 
ocular pressure returned to the preoperative 
level by the fourth postoperative day, and the 
rise coincided with flattening of the filtering 
bleb. Bleb failure corresponded histopathologi- 
cally to a plug of fibrinous material in the 
sclerostomy site. Unfortunately, there is no 
ideal animal model of glaucoma filtration sur- 
gery. In our study, the time course of bleb 
failure was similar to that reported in the rab- 
bit and in the cynomologous monkey” using 
conventional filtration surgery. Higgen- 
botham, Kao, and Peyman” reported delayed 
failure when using a contact Nd:YAG laser. In 
their study, an injection of methylpredniso- 
lone acetate was given after surgery, and digi- 
tal massage was performed when intraocular 
pressure differed by less than 3 mm Hg be- 
tween the two eyes. The failure to achieve 
long-term filtration in our study is not surpris- 
ing given the exuberant wound healing re- 
sponse in the rabbit.'* Nevertheless the 15-W 
argon laser coupled to a noncontact fiberoptic 
delivery system is an effective means of creat- 
ing a full-thickness sclerostomy, with minimal 
complications, in the rabbit eye. Further inves- 
tigation of this technique in primates to further 
define treatment parameters would appear 
warranted. This high-powered laser may be of 
potential use in the treatment of selected pa- 
tients with glaucoma. 
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Correlation Between Color Vision and Highest Intraocular 


Pressure in Glaucoma Patients 











Yoshio Yamazaki, M.D., Stephen M. Drance, M.D., Romuald Lakowski, Ph.D., 
and Michael Schulzer, M.D. 


We examined 75 glaucoma patients to deter- 
mine the relationship between losses in color 
vision and their highest intraocular pressure. 
The losses of blue chromatic (P < .0001) and 
achromatic (P = .0006) sensitivity were strong- 
ly related to highest intraocular pressure. The 
dysfunction of blue chromatic and achromatic 
pathways may therefore indicate damage from 
increased intraocular pressure. 


THE CLASSIC FUNCTIONAL defect in glaucoma 
is a perimetric nerve fiber bundle defect. The 
visual field defect often occurs many years after 
the rise in intraocular pressure, but it can occur 
without any increase in intraocular pressure. In 
addition to the typical nerve fiber bundle de- 
fect, glaucoma patients show psychophysical 
losses that are greater than would be expected 
from normal age-matched populations. Color 
vision losses have been shown statistically to 
have a predictive value for the development of 
subsequent visual field defects.! Blue-yellow 
and blue-green anomaloscopic matching rang- 
es correlate significantly with diffuse retinal 
nerve fiber losses, but not with localized retinal 
nerve fiber losses.” Some patients with glauco- 
matous visual field defects, however, can have 
normal results on color vision testing.*“ It is not 
known whether this dissociation indicates a 
number of disease processes in glaucoma. 
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We undertook this study to determine the 
relationship between color vision losses and 
highest intraocular pressure. 





Material and Methods 


One eye was randomly chosen from 75 pa- 
tients with glaucoma who had glaucomatous 
optic disk abnormalities and early or moderate 
glaucomatous visual field defects, such as small 
nasal steps or shallow paracentral scotomas 
reproducible on the Goldmann or Tübingen 
perimeter. None of the patients had undergone 
laser or filtration surgery. 

All eyes had a visual acuity of 20/30 or better 
and no evidence of media opacities. Patients 
with other diseases of the retina or optic nerve 
or congenital color vision abnormalities were 
excluded. All patients had pupil diameters 
equal to or greater than 2 mm as measured ona 
Goldmann perimeter that had been modified as 
previously described. A 1-degree spectral 
stimulus was presented foveally on a 200-cd/m? 
white or yellow adaptation background. Four 
white spots were placed symmetrically around 
the test stimulus to aid foveal fixation. 

Spectral stimuli were obtained using stan- 
dard bandpass interference filters with band- 
widths (at half-maximum transmissions) of 
about 10 nm and peak wavelengths of 457, 560, 
and 580 nm. The intensity was controlled by 
Goldmann neutral density filters. A 24-Hz flick- 
er stimulus was used at 560 nm on a white 
background for measurement of peak achro- 
matic sensitivity, and a 1-Hz flicker at 457 or 
580 nm on a white or yellow background for 
blue or yellow chromatic sensitivity measures. 
After adapting for three minutes to the white or 
yellow background, a modified ascending 
method of limits was used to determine thresh- 
olds. Stimulus luminance was increased in 
0.1-log unit steps until the subject responded, 
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after which the stimulus luminance was de- 
creased to a subthreshold level and again in- 
creased. This was repeated until the same 
threshold was obtained twice. All examinations 
were done with a full optical correction adjust- 
ed for the distance of the Goldmann perimeter 
bowl. 

Photometric specification of all stimuli and 
the adaptation background were routinely 
monitored with a photometer. Threshold val- 
ues were corrected by a conversion formula 
that depended on pupil diameter and relative 
spectral luminous efficiency of peak wave- 
length in spectral stimuli.’ 

The highest measured intraocular pressure of 
an eye was identified during our initial exami- 
nation before treatment, from letters of refer- 
ral, from contact with the referring ophthal- 
mologist if the eye was already receiving 
treatment, and from the follow-up measure- 
ments recorded in our clinical records. 

Regression analyses were carried out corre- 
lating the highest intraocular pressures with 
chromatic and achromatic thresholds. All vari- 
ables considered were age adjusted by means 
of simple age regressions. 





Results 





Partial correlations were computed between 
blue chromatic, yellow chromatic, and achro- 
matic thresholds and highest intraocular pres- 
sures while adjusting for the effect of patient 
age. 

The blue chromatic threshold at 457 nm ona 
yellow background for 75 glaucomatous pa- 
tients correlated significantly with maximum 
intraocular pressure (gamma = .4458, P = 
.0000). An increased threshold to a blue stimu- 
lus was therefore related to the highest intraoc- 
ular pressure in that eye (Figure). A high corre- 
lation was present when one considers that the 
results of both the chromatic and achromatic 
thresholds had a fairly large amount of scatter. 
The achromatic threshold at 560 nm on a white 
background also correlated significantly with 
highest intraocular pressure (gamma = .3791, 
P = .0006). 

In patients whose highest intraocular pres- 
sure was 22 mm Hg or more (those with chronic 
open-angle glaucoma), the relationship of 
highest intraocular pressure to blue and achro- 
matic sensitivities remained significant (blue 
chromatic: gamma = .3683, P = .0095; achro- 
matic: gamma = .3094, P = .0319). 
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Figure (Yamazaki and associates). Scattergram 
showing the relationship between blue chromatic 
thresholds and highest intraocular pressures. 
a a ees 
Discussion 





Color signals are currently believed to be 
carried in two separate channels in the primate 
visual system. One relays signals for blue and 
yellow and the other for red and green.®? Blue 
chromatic and achromatic (luminance) signals 
travel in larger diameter axons than those proc- 
essing red-green information." It has recently 
been demonstrated in experimental animal 
glaucoma models that larger diameter fibers are 
more susceptible to increased pressure than 
small fibers." 

We demonstrated that glaucoma suspects 
and patients with glaucoma have a selective 
reduction of blue chromatic and achromatic 
sensitivities, and that patients with low- 
tension glaucoma have mostly normal chromat- 
ic and achromatic sensitivities when compared 
to patients with high-tension glaucoma (un- 
published data). 

In the present study the dysfunction of blue 
chromatic and achromatic sensitivities, which 
are carried by larger diameter axons, appear to 
be damaged by increased intraocular pressure. 
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OPHTHALMIC MINIATURE 
“Oh, they don’t say it out loud; they wouldn't dare; their eyes say it. You 
can just see it in their eyes every time they look at us.” 


Martha Grimes, The Dirty Duck 


Boston, Little, Brown and Company, 1984, p. 42 





Success and Complications of Pneumatic Retinopexy 








Peep Algvere, M.D., Kerstin Hallnas, M.D., and Britt-Marie Palmqvist, M.D. 


Fifty-eight consecutive patients with rheg- 
matogenous retinal detachment were treated 
by pneumatic retinopexy using intravitreal 
perfluoropropane gas. Reattachment was 
achieved in 29 of 35 eyes (83%) having single 
retinal breaks (up to 45 degrees in extent), 
including dialyses (up to 60 degrees), and 
groups of breaks within one clock hour. The 
cumulative reattachment rate was 37 of 58 eyes 
(64%), including eyes with detachments with 
multiple breaks 30 to 120 degrees apart and 
vitreous hemorrhage as well as aphakic and 
pseudophakic eyes. Pneumatic retinopexy was 
successful in 18 of 22 (82%) myopic eyes (—3 to 
—11 diopters). Virtually all complications de- 
veloped in the inferior retinal quadrants, and 
included preretinal vitreous condensations or 
membranes in 27 of 58 eyes (47%), new retinal 
breaks in seven eyes (12%), and rhegmatoge- 
nous or tractional detachments in previously 
attached areas in 14 eyes (24%). Postoperative 
proliferative vitreoretinopathy occurred in six 
eyes (10%) and macular pucker in two (3%). 


FIFTY YEARS AGO, Rosengren! treated retinal 
detachments with intravitreal air, transscleral 
diathermy, and positioning of the patient. Ex- 
panding gases, such as perfluorocarbons, were 
then introduced for selected cases of retinal 
detachment to tampon large retinal breaks 
without scleral buckling.” However, the work of 
Dominguez, Fonseca, and Gomez-Montana** 
and Hilton and Grizzard® suggests that pneu- 
matic retinopexy may be used as a standard 
first procedure in certain types of detachments. 
Good results were reported after treating eyes 
in which the break was located within the 
superior eight clock hours and did not exceed 
one clock hour in size.’ Recently, four cases of 
retinal detachment with multiple breaks more 
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than 30 degrees apart were treated successfully 
with pneumatic retinopexy.’ 

In order to assess the potential, limitations, 
and complications of pneumatic retinopexy, we 
undertook an eight-month study of all consecu- 
tive patients with retinal detachments in an 
area served by one surgical institution. We 
extended the indications for pneumatic retino- 
pexy to include breaks larger than one clock 
hour in size, multiple breaks, and breaks sepa- 
rated by up to five clock hours, as well as 
proliferative vitreoretinopathy (grade C1, full- 
thickness retinal folds in one quadrant). 





Patients and Methods 





From January through August 1987, all pa- 
tients with rhegmatogenous retinal detach- 
ment were considered for pneumatic retino- 
pexy. Those who fulfilled the following criteria 
were included in the study: first surgical proce- 
dure for detachment, sufficiently clear ocular 
media to allow examination of the fundus, 
retinal breaks in the upper 240 degrees of the 
fundus, or retinal breaks in both upper and 
lower quadrants of the same eye. Excluded 
from the investigation were eyes with retinal 
breaks located in the inferior 120 degrees of the 
fundus only (from the 4 to the 8 o’clock meridi- 
ans) and those with proliferative vitreoretinop- 
athy grade C2 (full-thickness retinal folds in 
two quadrants) or worse. 

Fifty-eight patients (33 men and 25 women), 
aged 23 to 85 years (mean, 55 years; median, 60 
years), were selected for treatment with pneu- 
matic retinopexy. The patients were registered 
for census purposes in a municipal area whose 
population was served by one surgical institu- 
tion (Karolinska Hospital). The preoperative 
features represented a variety of common types 
of retinal detachment (Tables 1 and 2). These 58 
patients represented 65% of all new patients 
with rhegmatogenous retinal detachment ad- 
mitted for their first surgical procedure during 
the period of study. 

Surgery was performed after administration 
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TABLE 1 
PREOPERATIVE FEATURES (N=58) 


i 


FEATURE NO. OF EYES 
History of trauma 4 
Myopia (—3 to —11 D) 22 
Duration of detachment 

<1 wk 32 

1 wk to 1 mo 17 

>1 mo 8 

Unknown 1 
Aphakia or pseudophakia 8 
Vitreous hemorrhage 2 
Extent of detachment 

<1 quadrant 15 

1 to <2 quadrants 31 

2 to <3 quadrants 11 

3 to 4 quadrants 1 
Macular detachment 27" 


*Visual acuity, light projection to 20/100. 


of retrobulbar anesthesia (bupivacaine). Cryo- 
pexy was applied under indirect ophthalmo- 
scopic control, or with use of an operating 
microscope and a three-mirror contact lens or a 
+60-diopter El-Bayadi lens. Pure perfluoropro- 
pane gas was passed through a Millipore filter 
and injected through the pars plana (3 to 4 mm 
posterior to the corneoscleral limbus) with a 
30-gauge needle into the upper part or center of 
the vitreous space. The volume of perfluoro- 
propane injected was 0.5 to 0.9 cc, but when 
subretinal fluid had been drained 0.9 to 1.2 cc 
was given. In nine eyes, perfluoropropane was 
injected a second time, one day to six weeks 
after the first administration. Gentamicin, 20 
mg, was injected subconjunctivally. Adjunc- 
tive procedures were performed in selected 
cases. When a retinal break was located under a 
rectus muscle, the conjunctiva was incised. 
Paracentesis was performed when the retinal 
circulation remained blocked for five minutes 
(33 eyes). Subretinal fluid was drained when a 
high bullous detachment was present (five 
eyes). 

Postoperatively, the patients were positioned 
according to the location of their retinal breaks. 
However, subjects with macular or high bul- 
lous detachments were placed face down for 
the first postoperative hours or overnight. In- 
traocular pressure was measured one hour 
after surgery, and then daily for three days. 

All patients remained hospitalized for at least 
three days and were followed up for six to 12 


TABLE 2 
PREOPERATIVE RETINAL BREAKS (N=58) 
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RETINAL BREAKS NO. OF EYES 
Number 
1 29 
2 11 
3to6 14 
None found 4 
Size 
<1 clock hr 47 
>1 clock hr 5” 
Dialyses (45 to 60 deg) 2 
Location 
Single or multiple 
breaks within 30 deg 39 
Multiple breaks 
30 to 120 deg apart 13 
Dialyses (upper quadrants) 2 


*Two eyes had multiple breaks >30 degrees apart. 


months. If pneumatic retinopexy failed, scleral 
buckling, vitreous microsurgery, or both were 
performed. 


ee 


Results 


NN 


The rhegmatogenous retinal detachments 
varied with respect to the number and size of 
the retinal breaks and the extent of the de- 
tached area. Complicating factors such as myo- 
pia, vitreous hemorrhage, and aphakia or 
pseudophakia were also present in some cases. 
Accordingly, the surgical results varied be- 
tween subgroups. 

Retinal reattachment was achieved in 29 of 35 
(83%) phakic eyes having single retinal breaks 
(up to 45 degrees in extent), including groups 
of breaks within one clock hour and dialyses 
(up to 60 degrees) in the superior quadrants. 
Two eyes in which no retinal breaks were found 
are also included in this category. Retinal at- 
tachment was achieved in six of 13 phakic eyes 
with multiple breaks 30 to 120 degrees apart. 
Including two eyes with vitreous hemorrhage 
that did not reattach after pneumatic reti- 
nopexy, the cumulative reattachment rate in 
phakic eyes was 70% (Table 3). 

In myopic eyes (—3 to —11 diopters) that 
showed various degrees of vitreous liquefac- 
tion and syneresis, the reattachment rate was 
unexpectedly high (18 of 22 eyes, 82%). Pneu- 
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TABLE 3 
CUMULATIVE RESULTS OF PNEUMATIC RETINOPEXY 
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CUMULATIVE NO. 
NO. NO. REATTACHED (%) 
All Eyes (n=58) 

Phakic eyes 
Single or multiple breaks within 30 deg 30 30 24 (80) 
Large single break 30 to 60 deg in size 3 33 27 (82) 
Break not found 2 35 29 (83) 
Multiple breaks 30 to 120 deg apart 13 48 35 (73) 
Vitreous hemorrhage 2 50 35 (70) 
Aphakic or pseudophakic eyes 8 58 37 (64) 

Eyes Excluding Those With Drainage of Subretinal Fluid (n=53) 

Phakic eyes 46 46 32 (70) 


Aphakic or pseudophakic eyes 7 53 33 (62) 
—— O ëO O O A 


matic retinopexy also resulted in reattachment 
of the macula in 19 of 27 eyes (70%), most of 
which had high bullous detachments in two or 
three quadrants. Among these 19 eyes with 
macular detachment treated with pneumatic 
retinopexy alone, 14 (74%) achieved a visual 
acuity of 20/50 or better (preoperative visual 
acuity, light projection to 20/100). However, 
patients who required additional surgery 
(scleral buckling or vitreous microsurgery) did 
not generally gain postoperative visual recov- 
ery of this magnitude (Figure). 

In the eight aphakic or pseudophakic eyes, 
the results of pneumatic retinopexy were disap- 
pointing: only two of these eyes successfully 
reattached. Our sample size was small and 
complications included preoperative prolifera- 
tive vitreoretinopathy in one eye, history of 
trauma in two eyes, and no retinal breaks found 
in two eyes. 

All retinal breaks in the superior quadrants, 
except two tears, were successfully closed with 
pneumatic retinopexy and the retina in that 
area was reattached. No persistent traction was 
observed. The peripheral flaps of retinal tears, 
if elevated, were freely mobile and their base 
was firmly sealed. 

Five patients underwent drainage of subreti- 
nal fluid. These eyes all showed high bullous 
detachments in three quadrants, and four eyes 
had detached maculas. Four of the five eyes 
were reattached by pneumatic retinopexy and 
drainage. 

The total reattachment rate after pneumatic 
retinopexy (without scleral buckling) was 37 of 
58 eyes (64%). Excluding the five patients who 
had drainage of subretinal fluid, the retinal 


reattachment rate was 33 of 53 eyes (62%) 
(Table 3). With the aid of scleral buckling and 
vitreous microsurgery, reattachment was 
achieved in 55 of 58 eyes (95%). 
Complications—The complications occurred 
almost exclusively in the inferior retinal quad- 
rants. Sequelae included shifting of subretinal 
fluid from the superior quadrants to the inferi- 
or ones and were associated with the persist- 
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Figure (Algvere, Hallnäs, and Palmqvist). Visual 
acuity in patients with macular detachment treated 
with pneumatic retinopexy alone (black symbols) 
and with additional scleral buckling or vitreous mi- 
crosurgery (open circles). When pneumatic ret- 
inopexy was successful, good postoperative visu- 
al results were achieved; one eye was amblyopic 
(black square). LP, light projection; HM, hand mo- 
tions. 
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ence or development of rhegmatogenous or 
tractional detachments there. Vitreous conden- 
sation, notably with tobacco dust, was common 
during the six-month follow-up period and was 
primarily located in the retrolental area and the 
inferior vitreous. In the inferior periphery, pre- 
retinal collagenous vitreous structures or mem- 
branes were seen in 15 of 37 eyes (41%) in 
which reattachment was achieved by pneumat- 
ic retinopexy alone and in 12 of 21 eyes (57%) 
that did not reattach with this procedure. 

Postoperatively, new retinal breaks occurred 
in seven of 58 eyes (12%) one day to ten weeks 
after surgery. In previously attached areas of 
the inferior quadrants, new retinal detach- 
ments developed in 14 of 58 eyes (24%); these 
were seen in several eyes during the first post- 
operative day. Seven of these detachments 
were rhegmatogenous and the rest were con- 
sidered to have been caused by traction, dis- 
placement of subretinal fluid, or both. Five of 
the nonrhegmatogenous detachments reat- 
tached spontaneously within three weeks. De- 
tachments in the inferior quadrants often per- 
sisted longer than those in the superior 
hemisphere. 

Preoperatively, proliferative vitreoretinopa- 
thy (grade C1) was present in three eyes, two of 
which healed after pneumatic retinopexy. Post- 
operatively, proliferative vitreoretinopathy (C1 
or worse) developed in six eyes (10%) and 
macular pucker in two eyes (3%). Proliferative 
vitreoretinopathy developed in three of 50 
phakic eyes and in three of eight aphakic or 
pseudophakic eyes. 

No intraocular infection occurred. Increased 
intraocular pressure to 25 mm Hg or more was 
noted in four eyes one hour after pneumatic 
retinopexy, but it returned to normal the next 
day. One patient refused adequate positioning 
after having attempted it for a few hours. Two 
patients who received a second injection of 
perfluoropropane gas developed a star-shaped 
posterior subcapsular cataract, which re- 
gressed a few days after removal of the gas. 





Discussion 





We extended the indications for pneumatic 
retinopexy outlined by Hilton and associates“ 
to include all common types of retinal detach- 
ment except those in which breaks were located 
in the inferior 120 degrees of the retina only. 
We intentionally used large volumes of per- 


fluoropropane gas, in certain cases combined 
with drainage of subretinal fluid, to facilitate 
the closure of multiple and large breaks as well 
as those located up to five clock hours apart in 
high bullous retinal detachments. The accuracy 
of the positioning of the patients was therefore 
not crucial, since the gas bubble covered a 
sufficiently large area of the detached retina. 
Multiple breaks up to 120 degrees apart were 
also treated. The initial rise in intraocular pres- 
sure was managed by paracentesis. 

All retinal breaks in the superior quadrants 
(except two tears) were permanently sealed by 
the expanding gas bubble and cryopexy. In 
single breaks and multiple breaks within one 
clock hour, the reattachment rate was 82%. 
Although we used a slightly different surgical 
technique, we confirmed the results of Hilton 
and associates. Retinal dialyses responded fa- 
vorably to pneumatic retinopexy. The rate of 
macular reattachment was encouraging (70%), 
since most of these eyes had high bullous 
detachments in two or three quadrants. 

In myopic eyes the results were unexpectedly 
good (82%). The efficacy of pneumatic retin- 
opexy may be related to the increased liquefac- 
tion and syneresis of the vitreous gel present in 
these eyes. The vitreous changes were compati- 
ble with those generally observed in myopia.* 

The results in aphakic and pseudophakic 
eyes were disappointing. In view of the small 
sample of eyes, the accumulation of unfavor- 
able cases may be fortuitous. Nevertheless, the 
observations suggest a lower reattachment rate 
in aphakic and pseudophakic eyes treated by 
pneumatic retinopexy. 

The most serious, and the only significant, 
complication encountered was the develop- 
ment of rhegmatogenous or tractional detach- 
ments in previously uninvolved inferior retinal 
quadrants. Postoperative retinal tears and new 
detachments following intravitreal gas have 
been reported.*!” We found new breaks in 12% 
of our eyes and retinal detachments in previ- 
ously uninvolved quadrants in 24%. These 
complications may be related to several factors, 
such as the irritating effects of the gas and 
vitreous inflammation (high incidence of tobac- 
co dust), the volume injected, the state of the 
vitreous in aphakia,” and the ocular motion 
and positioning of the patient. 

It is possible that the gas bubble moves in the 
vitreous regardless of the degree of immobili- 
zation of the patient. The bubble may pull on 
the collagenous structure of the vitreous, creat- 
ing traction on persistent vitreoretinal adhe- 
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sions, particularly in the inferior retina. Inflam- 
matory and pigment epithelial cells are also 
likely to accumulate in the inferior vitreous, 
stimulating the formation of preretinal mem- 
branes. 

Experiments on monkey eyes indicate that 
the expanding gas bubble displaces the vitre- 
ous and compresses its collagen content inferi- 
orly.“ The gas bubble will then be surrounded 
by a thicker collagenous structure, which is 
extruded from the volume occupied by the gas. 
Eventually, damage to the vitreous with tear- 
ing of the cortical lamellae will occur.” 

Proliferative vitreoretinopathy is known to 
develop in 8% of the cases after retinal reat- 
tachment surgery." In their selected case mate- 
rial, Hilton and associates® reported prolifera- 
tive vitreoretinopathy in 3% of eyes after 
pneumatic retinopexy. The rate of proliferative 
vitreoretinopathy in our series was 10%. This 
rate is dependent on the severity of the detach- 
ments treated. 

The putative risks of intravitreal inflamma- 
tion, membrane formation with subsequent vit- 
reoretinal traction, and secondary detach- 
ments, and the observed incidence of 
proliferative vitreoretinopathy are consider- 
able. Therefore, pneumatic retinopexy in its 
present form should be strictly limited to care- 
fully selected retinal detachments. 
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Retinal Ultrastructural Findings in Cone Degeneration 


Trevor A. S. Buchanan, F.R.C.S., Thomas A. Gardiner, M.Sc., 
Victor de Jesus, M.D., Peter Eustace, F.R.C.S., and Desmond B. Archer, F.R.C.S. 


We studied an eye from a 73-year-old man 
with a sporadic type of retinal cone degenera- 
tion and choroidal melanoma. Histologic and 
ultrastructural studies of the nasal retina unaf- 
fected by the choroidal melanoma showed al- 
terations at the outer retina predominantly 
involving the photoreceptors and retinal pig- 
ment epithelium. A wide spectrum of patho- 
logic changes were observed, ranging from 
near normal retina showing only photorecep- 
tor outer segment disease (distortion and 
kinking) to grossly pathologic regions where 
photoreceptor cell bodies were sparse and 
their outer segments absent. 

The retinal pigment epithelium in minimal- 
ly affected regions of the retina showed an 
increased proportion of the melanin comple- 
ment of the cell within complex granules. In 
severe disease, many cells showed only giant 
complex granules with no free melanin. Reti- 
nal pigment epithelial cell migration and relo- 
cation around blood vessels was also noted in 
severe disease. 


CONE DEGENERATION of the retina is a syn- 
drome characterized by poor central vision, 
abnormal color vision, and atrophic macular 
pigmentary changes.’ Characteristic electroret- 
inographic abnormalities include markedly re- 
duced cone function and less affected rod func- 
tion. A previous histopathologic report of 
human cone degeneration documented light 
microscopic observations of postmortem mate- 
rial from a patient with advanced retinal dis- 
ease and showed complete absence of both rod 
and cone photoreceptor cells and loss of the 
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outer nuclear layer of the retina.” We studied 
the earlier ultrastructural changes in an eye 
with cone degeneration that was enucleated for 
choroidal melanoma. 


Case Report 





A 73-year-old man was first seen in 1966 for 
painless deterioration of vision in both eyes 
over a period of several years. Visual acuity at 
that time, age 54 years, was 20/200 in both eyes, 
which did not improve with refraction. Marked 
pigmentary degenerative changes were noted 
at both maculae, and visual loss was attributed 
to these alterations. The patient gave no histo- 
ry of photophobia or night blindness and there 
was no family history of retinal degenerative 
disease or consanguinity. In 1982, he noted 
further painless deterioration of vision in the 
left eye. Visual acuity was R.E.: 20/200 with a 
reading capability of N/14 print (Clement 
Clarke-reading type) (+5.00 diopters) and L.E.: 
hand motions, with no recordable vision for 
near. Farnsworth-Munsell 100-Hue test dis- 
closed grossly impaired color vision in both 
eyes. Goldmann perimetry showed a dense 
central scotoma with normal peripheral field in 
the right eye (Fig. 1) and only a residual infero- 
temporal quadrant of visual field in the left eye. 

Examination disclosed early bilateral posteri- 
or subcapsular cataracts, but no evidence of 
intraocular inflammation. The left fundus dis- 
played a large malignant melanoma of the cho- 
roid that involved the optic disk, macula, and 
temporal fundus. Discrete foci of pigment epi- 
thelial cell atrophy were present at the posteri- 
or pole of both eyes and, in some areas, pig- 
ment clumping was concentrated about the 
retinal vessels. Both maculae showed marked 
pigment epithelial cell atrophy with pigment 
aggregation (Fig. 2, left). The right eye showed 
pallor of the temporal optic disk, atrophy of the 
papillomacular bundle, and a subtle peri- 
macular sheen. 

Fluorescein angiography showed multiple 
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Fig. 1 (Buchanan and associates). Goldmann perimetery shows a dense central scotoma with normal 
peripheral field in the right eye and only a residual inferotemporal quadrant of visual field in the left eye. 


pigment epithelial cell abnormalities through- 
out the posterior pole of the right eye, with a 
large discrete hyperfluorescent defect at the 
macula (Fig. 2, right). No fluid accumulation or 
subretinal neovascularization were identified at 
the right macula. 

Full-field electroretinography with selective 
wavelength stimulation was performed to sep- 
arate rod and cone function. The patient was 
dark adapted under dim red illumination for 20 





minutes before recording electrodes were ap- 
plied. The B-wave amplitude of the rod re- 
sponse was diminished (right eye, 152 mV; left 
eye, 95 mV; normal, 390 mV; S.D., 88 mV). No 
cone response was elicited from either eye 
(stimulus, 30 Hz; flickering red light). The 
electro-oculogram was difficult to perform as 
the patient had difficulty maintaining fixation. 
Although there was evidence of a light rise in 
the right eye, the results were inconclusive. 





Fig. 2 (Buchanan and associates). Left, Right macula (fellow eye) shows a bulls eye type lesion with alternate 
zones of pigment accumulation and atrophy. Right, Fluorescein angiography of the macular region of the fellow 
eye displays a discrete hyperfluorescent defect consistent with a focal abnormality of the retinal pigment 
epithelium. 
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Visual-evoked potentials were assessed by 
flash and pattern reversal stimulation. Re- 
sponse latencies to flash stimulation were nor- 
mal bilaterally. No consistent response to pat- 
tern reversal stimulation was obtained from 
either eye. Results of a complete neurologic 
examination were normal, and special investi- 
gations including liver-spleen scan showed no 
evidence of metastatic disease. There was no 
history of ocular trauma or use of oculotoxic 
drugs. Computed tomography demonstrated a 
solid detachment in the left eye, but there was 
no evidence of extrascleral or intraorbital ex- 
tension. 


Material and Methods 


The left eye was enucleated and immersed in 
a formaldehyde/glutaraldehyde mixture in 0.1 
M phosphate buffer for 24 hours. Representa- 
tive blocks from the central, equatorial, and 
peripheral regions of the retina were dissected 
before paraffin embedding and sectioning of 
the remainder of the eye. Tissue blocks for 
electron microscopy were postfixed in 2% osmi- 
um tetroxide in 0.1 M phosphate buffer, dehy- 
drated with ethanol, and embedded in epoxy 
resin. Semithin sections stained with alkaline 
toluidine blue were used to identify suitable 
areas for electron microscopy. 


Results 


Histopathologic examination of the left globe 
demonstrated a spindle cell choroidal melano- 
ma. The retina temporal to the optic disk and 
including the macula was detached by melano- 
ma and unsuitable for ultrastructural study. 
Examination of the nasal fundus, using the 
stereomicroscope, showed areas of pigment 
clumping in the neural retina; in some of these 
regions, the pigment had a perivascular distri- 
bution. Light microscopic examination dis- 
closed a well-defined cellular preretinal mem- 
brane throughout the nasal retina. Electron 
microscopic examination disclosed that the 
preretinal membrane consisted of a double 
layer of glial cells. There was great variation in 
the ultrastructural appearance of the retina 
from near normal to grossly pathologic. The 
changes appeared progressive and were grad- 
ed as mild, moderate, and severe. Although no 


regular pattern of photoreceptor degeneration 
could be identified within the nasal retina, the 
most advanced changes, including perivascular 
pigment aggregation, were most marked in the 
equatorial retina. 

Mild retinal degeneration—Changes graded as 
mild were subtle and confined to the outer 
retina. The cell bodies and inner segments of 
the rod photoreceptor cells appeared normal; 
however, some outer segments showed distor- 
tion and kinking beyond what could have been 
attributed to fixation artifact (Fig. 3). All of the 
cone cells that could be identified had grossly 
attenuated outer segments. Many pigment epi- 
thelial cells showed an increase in the number 
of complex granules’ enclosing much of the 
melanin complement of the cell (Fig. 4). The 
basal invaginations of the retinal pigment epi- 
thelium were reduced compared with age- 
matched normal retina, and Bruch’s membrane 
showed age-related thickening. Accumulations 
of amorphous material were noted within the 
intercapillary tufts of the choriocapillaris. 

Moderate retinal degeneration—Photoreceptor 
cells in these sections showed partial or com- 
plete loss of outer segments, a change most 
marked in cone cells. Cone cells without outer 





Fig. 3 (Buchanan and associates). Photoreceptor 
cells in the posteronasal retina show distortion of 
their outer segments (arrows). Inner segments (IS) 
appear normal (x 3,000). 
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Fig. 4 (Buchanan and associates). Posteronasal 
retinal pigment epithelial cells show a large number 
of complex granules. BM, Bruch’s membrane; L, 
lumen of choriocapillaris (x 3,000). 


segments could be found in areas where stunt- 
ed rod outer segments were still present (Fig. 
5). Although the outer segments of both rods 
and cones were markedly deformed and atten- 
uated, they retained contact with the retinal 
pigment epithelium. Photoreceptor cell necro- 
sis was obvious in some areas. The cells under- 
went a sequence characterized by mitochondri- 
al swelling, densification and shrinkage of the 
cytoplasm, and nuclear pyknosis (Fig. 6). In 
many of the surviving cones, the nucleus was 
found on the outer aspect of the external limit- 
ing membrane (Fig. 6). Most of the retinal 
pigment epithelial cells had normal ultrastruc- 
tural features apart from the loss of the basal 
plasma membrane invaginations and a tenden- 
cy for the complex granules to fuse into even 
larger pigment aggregates. 

Severe retinal degeneration—Some retinal sec- 
tions were characterized by an almost complete 
absence of photoreceptor cells (Fig. 7). Surviv- 
ing photoreceptor cells had lost their outer 
segments and were enveloped by hypertrophic 
glial cell processes. The complex granules of 
the retinal pigment epithelial cells had coa- 
lesced into giant complex granules (Fig. 7). 
Similar pigment aggregates were identified 
within the cytoplasm of adjacent Müller cells 





(Fig. 8) whose processes were closely apposed 
to the retinal pigment epithelium. Many retinal 
pigment epithelial cells had lost much of their 
melanin and appeared hypertrophic, with 
prominent stacks of rough endoplasmic reticu- 
lum. The neuroretina in these regions was 
gliotic, and pigmented cells were identified 
around retinal arteries (Fig. 9). The perivascu- 
lar pigmented cells were often arranged as 
epithelial palisades having apicolateral tight 
junctions at their interface with the retinal 
neuropile and their basal plasma membrane 
attached to the vascular basement membrane 
by hemidesmosomes. Their lateral plasma 
membranes were joined by desmosomes (Fig. 
10). The pigment granules within the perivas- 
cular pigment cells were large (1 to 1.2 wm) and 
round and distributed throughout the cell cyto- 
plasm (Fig. 9). Within the pigmented cells were 
membrane-bound oval bodies (0.8 um) that 
showed a granular core in which were embed- 
ded small spicules of electron-opaque material 
(Fig. 10). These bodies appeared most numer- 
ous in cells that showed few pigment granules. 
The choriocapillaris appeared normal in all re- 
gions examined. 





Discussion 





The diagnosis of cone degeneration in our 
patient was based on the ophthalmoscopic ap- 
pearance of the maculae and the absence of 
cone responses on electroretinography. The 
long-standing history of poor central vision 
and absence of night blindness was consistent 
with cone degeneration as were the associated 
findings of color vision loss, dense central sco- 
toma, and temporal optic atrophy with loss of 
nerve fibers in the papillomacular bundle. The 
perimacular sheen noted in our patient has also 
been described in some patients with cone 
degeneration and may have been caused or 
accentuated by the widespread preretinal glial 
membrane, which was identified histologically 
in the enucleated eye. Other causes of discrete 
macular scars such as age-related macular dis- 
ease, blunt trauma, drug toxicity, and deposi- 
tion of abnormal substances at the outer retina 
were excluded as being inconsistent with either 
the history, physical findings, or electroretino- 
graphic responses. 

Because the choroidal melanoma involved 
the temporal fundus, no histologic or ultra- 
structural sections were obtained from the mac- 


Fig. 5 (Buchanan and associates). Equatorial outer retina demonstrates attenuation and loss of rod outer 
segments (arrows). An adjacent cone cell (C) shows complete loss of outer segment (X 3,000). 


Fig. 6 (Buchanan and associates). Nucleus (N) of cone cell C1 (posteronasal retina) lies at the level of the cell 
junctions (arrows) that comprise the external limiting membrane of the retina. In cone cell C2, the nucleus is 
further displaced to lie at the outer aspect of the external limiting membrane. The Golgi zone (Go) in cell C2 lies 
internal to the nucleus. The nucleus (white N) of rod cell R1 shows early pyknosis and the mitochondria (m) are 
swollen. Rod cell inner segment R2 shows densification of the cytoplasm and swollen mitochondria (x 6,000). 





410 AMERICAN JOURNAL OF OPHTHALMOLOGY 


October, 1988 








ular region, whereas the entire nasal retina was 
in situ and uninvolved by the choroidal neo- 
plasm. The nasal retinal circulation was not 
implicated by tumor and sections of the outer 
and inner retina in this region showed no in- 
flammatory cell infiltration or fluid accumula- 
tion. 

The electron microscopic features suggested 
that the retinal degeneration under study was a 
primary photoreceptor abnormality and not 
secondary to retinal pigment epithelial, choroi- 
dal, or inner retinal disease. The most subtle 
and presumably earliest ultrastructural chang- 
es noted in this study, classified as mild dis- 
ease, were shortening, kinking, and disorienta- 
tion of rod and cone outer segments. Although 
the cone outer segments were lost earlier than 
those of the rod cells, cone inner segments and 
perikarya were seen to survive until late in the 
degenerative process. The densification and 
shrinkage of the rod inner segments and 
perikarya noted above have been observed ina 
heredofamilial retinal dystrophy in Guinea ba- 
boons.*° The hydropic degeneration of the cone 


Fig. 7 (Buchanan and asso- 
ciates). Equatorial outer reti- 
na showing complete loss of 
subretinal space. The exter- 
nal limiting membrane of the 
retina (EL) is closely approxi- 
mated to the retinal pigment 
epithelium (RPE). A solitary 
disoriented cone inner seg- 
ment (C) is present. The reti- 
nal pigment epithelium 
shows giant complex gran- 
ules (arrows) (Xx 3,000). 


cells in baboons was not seen in the present 
study, but extrusion of photoreceptor cell nu- 
clei to the outer aspect of the external limiting 
membrane appears to be a feature of both 
conditions. This finding was noted but not 
commented on by Santos-Anderson, Tso, and 
Vainisi®; however, in our study, extrusion of 
cone nuclei was frequently observed. Extruded 
photoreceptor nuclei are noted only rarely in 
normal retina and the significance of increased 
numbers in cone degeneration is not clear, 
although displacement of the myoidal mito- 
chondria by the extruded nucleus suggests an 
underlying abnormality within the contractile 
and space-mediating elements of the cyto- 
skeleton. 

Several pathologic changes present in our 
case are consistent with findings in retinitis 
pigmentosa, including the presence of a preret- 
inal glial membrane, the eventual loss of photo- 
receptor cells of both types, and a spectrum of 
reactive changes within the retinal pigment 
epithelium. As in retinitis pigmentosa, the reti- 
nal pigment epithelium showed an increase in 


Fig. 8 (Buchanan and associates). Hypertrophic Müller's cell (MC) in close apposition to retinal pigment 
epithelium (RPE). The Miiller’s cell has enclosed a giant, complex granule (arrow) (x 5,000). 


Fig. 9 (Buchanan and associates). Migrated pigment epithelial cells (MPE) forming epithelial palisade around 
a retinal artery (A) (equatorial retina). The cells contain large pigment granules (P) and are attached to the 
vascular basement membrane (VBM), which is thickened and hyalinized. Arrows indicate apicolateral junctional 
complexes (arrows) (5,000). 
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Fig. 10 (Buchanan and associates). Migrated perivascular retinal pigment epithelial cells showing a 


desmosone at the lateral plasma membranes (arrow) and a mature pigment granule (P). Membrane-bound oval 
bodies (OB) with a granular core and small spicules of electron-opaque material are present (x 50,000). 


the number of electron-opaque inclusions, 
which are variously called lipofuscin (may or 
may not contain melanin)’ or melanoly- 
sosomes.' In the present study, lysosome-like 
bodies that contained melanin inclusions were 
referred to as complex granules.” This name 
seems appropriate where no lysosomal enzyme 
cytochemistry has been performed to assess 
whether the bodies are still active in digestion. 
As in the later stages of the disease process in 
retinitis pigmentosa,’ the retinal pigment epi- 
thelial cells showed depigmentation and migra- 
tion, although in the present case the retinal 
pigment epithelium remained intact and glial 
processes were never seen in contact with 
Bruch’s membrane. As observed in retinitis 
pigmentosa,** the migrated pigment epithelial 
cells often assumed a perivascular location and 
were either nonpigmented*® or contained large 
round pigment granules.** An observed asym- 
metric distribution of pigmented and nonpig- 


mented intraretinal epithelial cells in retinitis 
pigmentosa retina led Szamier and Berson’ to 
speculate that intraretinal epithelial cells ‘‘de- 
velop pigment in situ by a mechanism yet to be 
defined.’’ This suggestion is endorsed by the 
observation in the present study that the typi- 
cal oval melanin granules of retinal pigment 
epithelial cells were lost in migratory cells and 
replaced by large round granules identical to 
those that appear to be characteristic of intra- 
retinal pigment epithelial cells in retinitis pig- 
mentosa.** Since typical premelanosomes were 
not observed in the present study or by 
Szamier and Berson,’ it must be concluded that 
either the pigment is not melanin or that it is 
produced in an atypical fashion. We speculate 
that the granular oval bodies described in the 
lightly pigmented migratory cells may repre- 
sent a precursor of the pigment granules, al- 
though intermediate forms were not observed. 
This study has demonstrated that migrating 
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pigment epithelial cells retain the ability to 
express truly epithelial characteristics includ- 
ing palisade formation, apicobasal polarity 
with respect to the vasculature, and apicola- 
teral tight junctions at the interface with the 
retinal parenchyma. 

It was not possible to determine the origin of 
the giant complex granules enclosed by some of 
the glial cells, although we suggest that these 
complexes were liberated from retinal pigment 
epithelial cells at death or before migration. 

The chief differences between the disease 
process in the present case and in retinitis 
pigmentosa is that in our patient the degenera- 
tive process was more severe in the cone as 
opposed to the rod cells in early disease, which 
is the opposite of what occurs in retinitis pig- 
mentosa. 
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OPHTHALMIC MINIATURE 
Sometimes the river seems less the watched one than the watcher, reflect- 
ing back our searchlight beams, and breaking the half-moon into a thou- 
sand yellow eyes as we steal along the edge on night patrols. The bridge’s 
single span is unmistakably a high, arched eyebrow over an invisible eye 


peering across the Rhine. 


Donald Pearce, Journal of a War, Dec. 5, 1944 


Intracameral Thrombin and the Corneal Endothelium 


Mark L. McDermott, M.D., Henry F. Edelhauser, Ph.D., and Mark J. Mannis, M.D. 


We perfused the endothelia of isolated 
human corneas mounted in the specular micro- 
scope with BSS Plus containing 1,000-U/ml or 
100-U/ml dilutions of two commercially avail- 
able topical thrombin preparations. Corneas 
perfused with thrombin at 1,000 U/ml showed 
intracellular and intercellular vacuole forma- 
tion and altered junctional complexes. As list- 
ed on the package inserts, the thrombin prepa- 
rations contained preservatives and other 
additives that present a significant osmotic 
load in 1,000-U/ml preparations. Corneas per- 
fused with 100-U/ml thrombin solutions 
showed a significant attenuation in their 
deswelling rate but no ultrastructural altera- 
tions. One available thrombin preparation 
when diluted to 100 U/ml had a glycine con- 
centration associated with previous retinal 
electroretinography changes. Polyacrylamide 
gel electrophoresis of one manufacturer’s 
thrombin solution showed multiple high and 
low molecular weight constituents. Analysis 
of particulate contamination showed one 100- 
U/ml thrombin preparation to have a large 
quantity of particulates. Although thrombin 
may be useful when applied topically as an aid 
in surgical hemostasis, its use intraocularly 
presents substantial concern regarding the 
preparation’s purity, additives, contaminants, 
and adverse effects on ocular tissues. 


THROMBIN was used as an intraocular hemo- 
static agent by Savory’ in 1947 and later by 
Hughes? in 1950. In 1986, Thompson and asso- 
ciates* popularized the use of thrombin added 
to the infusion solution used during closed 
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vitrectomy when cutting fibrovascular mem- 
branes in patients with proliferative diabetic 
retinopathy. The addition of bovine thrombin 
(both Thrombinar and Thrombostat) at concen- 
trations of 100 U/ml resulted in a significant 
reduction in the duration of intraoperative in- 
traocular bleeding. In 1987, Blacharski and 
Charles‘ reported that addition of thrombin 
(manufacturer not provided) to BSS Plus at a 
concentration of 100 U/ml resulted in reduced 
intraoperative and postoperative bleeding in 
patients who had retinopathy of prematurity 
stage V with total tractional retinal detachment 
undergoing closed lensectomy/vitrectomy and 
epiretinal membrane delamination. Mannis 
and associates’ recently reported three cases of 
efficacious use of thrombin (100 U/ml, manu- 
facturer not stated) in diabetic vitrectomy, tra- 
beculectomy for neovascular glaucoma, and 
keratoplasty in a vascularized recipient bed. 


See also p. 485. 


In addition to clinical efficacy reports, throm- 
bin toxicity studies have also been reported. In 
1985, DeBustros, Glaser, and Johnson’ devel- 
oped a rabbit model to investigate thrombin’s 
effect on vitreous hemorrhage during closed 
vitrectomy. As part of the study, whole rabbit 
corneas were incubated for one hour at 37 C in 
BSS Plus containing 100 U/ml of thrombin 
(manufacturer not stated). The corneas were 
then stained with trypan blue or hematoxylin 
and eosin. No difference in trypan blue stain- 
ing was observed when compared to control 
corneas incubated in BSS Plus. Light microsco- 
py on hematoxylin and eosin preparations 
demonstrated no difference in cell number or 
structure. In that same study, in vivo dark- 
adapted electroretinograms using ganzfeld 
stimuli were performed on rabbits following 
vitrectomy using either BSS Plus or BSS Plus 
supplemented with thrombin (100 U/ml) as an 
irrigant. Postoperatively, retinal sensitivity 
was depressed approximately 0.5 log units in 
the animals that received the BSS Plus contain- 
ing thrombin during vitrectomy. In 1986, 
Thompson and associates’ reported a 20% inci- 
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dence of inflammation (mainly sterile hypopy- 
on formation) postoperatively in their series of 
patients undergoing vitrectomy with thrombin 
infusion at 100 U/ml. Recently Mannis and 
associates’ presented data on the sheep corneal 
endothelial reaction to 1,000-U/ml and 100-U/ 
ml concentrations of thrombin (manufacturer 
unknown) in normal saline. Using combined 
trypan blue exclusion and alizarin red S stain- 
ing of the endothelial monolayer, no toxicity 
was observed. 


We designed this study to evaluate two dif- 


ferent commercial thrombin preparations on 
the human corneal endothelium using in vitro 
corneal endothelial perfusion. This technique 
allows continuous visual monitoring of the en- 
dothelium and the measurement of corneal 
thickness, which can be correlated to endothe- 
lial ultrastructure. 





Material and Methods 





We tested two commercially available prepa- 


rations of thrombin: Thrombinar (Armour 
Pharmaceutical) and Thrombostat (Parke- 
Davis). Both preparations are two-component 
systems consisting of lyophilized thrombin 
powder and a liquid diluent (Table 1). Both 
1,000-U/ml and 100-U/ml dilutions of the lyoph- 
ilized product were reconstituted using BSS 
Plus (Alcon Laboratories) rather than the sup- 
plied diluent. Upon reconstitution, the 1,000- 
U/ml concentrations of either manufacturer 
yielded a yellow-tinged, cloudy translucent so- 
lution. Solutions of 100-U/ml concentration, 
while definitely clearer, were not crystal clear. 


After preparation of the solutions, whole 
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human corneas obtained from the Wisconsin 
Lions Eye Bank that were free of ocular disease 
were excised from the globe, mounted in the 
specular microscope, and the endothelia per- 
fused for three hours with these solutions 
using a modification of the dual-chamber spec- 
ular microscopic corneal perfusion apparatus 
of Dikstein and Maurice.‘ The donor criteria 
included a mean + S.D. age of 69 + 10 years, 
death to enucleation time of 2.1 + 0.9 hours, 
and enucleation to experiment time of 14.3 + 
5.5 hours. In each experiment a pair of corneas 
were perfused: one cornea with the thrombin 
solution and the other with BSS Plus. During 
the course of the experiment, corneal thickness 
was measured every 15 minutes using a mi- 
crometer attachment on the specular micro- 
scope. A graph of absolute corneal thickness vs 
time was plotted for each experiment. For the 
100-U/ml Thrombinar perfusions, a regression 
line for the test and control corneas was con- 
structed. After perfusion, both corneas were 
fixed for transmission and scanning electron 
microscopy in 2.7% glutaraldehyde and phos- 
phate buffer (pH 7.2, 330 mOsm) for at least 
eight hours at 4 C. 

To investigate the purity of Thrombinar and 
Thrombostat, freshly reconstituted samples 
were submitted for sodium dodecyl sulfate 
polyacrylamide gel electrophoresis. The prote- 
ase inhibitors, 0.1 M leupeptin and 0.1 M 
phenolmethylsulfonylfluoride, were added to 
prevent autodegradation of the samples during 
electrophoresis. Analysis of particulate levels 
was performed using a Coulter counter config- 
ured for a 5- to 20-ym particle size. Dilutions of 
100 U/ml of either Thrombinar or Thrombostat 
were prepared in an identical fashion at the 
same time and analyzed immediately. To mini- 


TABLE 1 
COMPOSITION OF LYOPHILIZED COMPONENT VIALS OF 5,000 U THROMBIN PREPARATIONS 








oe ———————————————— 


CONCENTRATION AT 


CONCENTRATION AT 





AMOUNT/VIAL 1,000 U/ML DILUTION 100 U/ML DILUTION 
COMPOUND THROMBINAR* THROMBOSTAT* THROMBINAR THROMBOSTAT THROMBINAR THROMBOSTAT 
Bovine thrombin 5,000 U 5,000 U 1,000 U 1,000 U 100 U 100 U 
Calcium — 5 mg 100 mg/dl — 10 mg/dl 
Glycine — 39 mg 780 mg/dl — 78 mg/dl 
Mannitol 18 mg = 360 mg/dl — 36 mg/dl — 
Sodium chloride 18 mg 8 mg 360 mg/dl 160 mg/dl 36 mg/dl 16 mg/dl 


*Diluent vial contains isotonic NaCl containing 0.02% benzethonium chloride. 


*Diluent vial contains “preservative free” sterile water for injection. 
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mize inadvertent introduction of particles, the 
following procedure was used. BSS Plus in 
500-ml bottles was reconstituted according to 
the manufacturer’s instructions. Four hundred 
milliliters of the reconstituted solution were 
removed and a 20-ml aliquot was counted and 
recorded as the background particulate load. A 
small volume of the remaining 100 ml of BSS 
Plus was withdrawn with a new syringe and 
introduced into a sealed vial containing 10,000 
units of lyophilized thrombin via the rubber 
septum. The contents were mixed and the solu- 
tion was withdrawn (using the same syringe 
and needle) and reintroduced into the BSS Plus 
bottle containing the balance of the 100 ml. A 
solution of 100 U/ml was thus obtained. Ali- 
quots of these 100-U/ml solutions were ana- 
lyzed using the Coulter counter. For this analy- 
sis the instrument was calibrated using 5-, 10-, 
and 20-um beads, creating a 5- to 20-um sized 
particle window. 





Results 





Corneal endothelial perfusion using both 
1,000-U/ml thrombin preparations resulted 
in an immediate and protracted thinning of 
the cornea compared to its control (Fig. 1). 
Observation of the endothelial monolayer 
through the specular microscope showed inter- 
cellular and intracellular vacuole formation. 
The thrombin-perfused cells appeared vacu- 
olated with junctional abnormalities compared 
to the BSS Plus control (Figs. 2 and 3). 
In a comparision of the pH and osmolality 
characteristics of various concentrations of 











8007 — 
E 

S a 

700+ ~&—4—— a 

o A~—,- -a— 

A A—a— 

2 ae Cony 
S 600FN 

= nS _e@ ®e® 
cS. eo *_, ee 

re) 500 e A—ABSS Plus 

oO @— @Thrombostat 
= 1000 U/ml 
= | 

O 


400 +4 


$$ —p. $- -  t 4 — 
O 15 30 45 60 75 90 105120135150165 180195 








Time (min) 


each thrombin preparation, the 1,000-U/ml 
thrombin solutions had increased osmolality 
(Table 2). 

Further studies were performed with 100-U/ 
ml dilutions of Thrombinar (which lacks gly- 
cine). Using an identical protocol to the one 
previously described, the endothelia of four 
pairs of human corneas (one cornea as test and 
the other cornea as control) were perfused with 
100-U/ml dilutions (in BSS Plus) of Thrombinar 
(pH 7.55, 314 mOsm/kg; Table 2). An average 
corneal deswelling rate was determined for the 
BSS Plus and 100-U/ml thrombin groups (Fig. 
4). The Thrombinar-perfused corneas showed a 
limited ability to deturgesce when compared to 
BSS Plus (P < .02, paired t-test). The thrombin- 
perfused corneas showed a deswelling rate of 
about 5 pm/hour compared to a 19-y~m/hour 
deswelling rate for the BSS Plus-perfused cor- 
neas. During perfusion, the endothelium 
showed slight intracellular darkening and a 
surface ground glass appearance. Scanning 
electron micrographs, however, did not show 
alterations in junctional morphology in the 
eyes perfused with 100-U/ml Thrombinar. 
Transmission electron micrographs of 
Thrombinar-perfused corneas appeared similar 
to control corneas. 

Gel electrophoresis results are presented in 
Figure 5. Because the total protein content for a 
specified activity varied between the different 
manufacturer’s preparations, dissimilar dilu- 
tions of the thrombin solutions were used. 
Lane 1 shows the electrophoretic result of a 
50-U/ml Thrombostat (Parke-Davis) solution. 
At the top of the running gel there are aggre- 
gated high molecular weight constituents; 
within the running gel numerous distinct 
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Fig. 1 (McDermott, Edelhauser, and Mannis). Representative plots of human corneal thickness values over 
time when perfused with a 1,000-U/ml solution of Thrombostat (left) and a solution of 1,000 U/ml of Thrombinar 


(right) compared to BSS Plus control. 











= 


Fig. 2 (McDermott, Edelhauser, and Mannis). Left, Scanning and transmission electron micrographs of a 
human cornea perfused with a 1,000-U/ml Thrombostat solution. The cells appear shrunken with “pore” 
formation on scanning electron microscopy (top) (X 500). Transmission electron micrographs show intercellular 
vacuoles and junctional disruption (middle and bottom) (x 4,000). Right, Scanning and transmission electron 
micrographs of a human cornea of the companions of figures on the left perfused with BSS Plus. Scanning 
electron micrographs (top) (x500) and transmission electron micrographs (middle and bottom) (*5,000) 
demonstrate a normal-appearing monolayer with intact junctional morphology. 
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Fig. 3 (McDermott, Edelhauser, and Mannis). Left, Scanning and transmission electron micrographs of a 
human cornea perfused with 1,000-U/ml Thrombinar solution. The cells appear shrunken with creeping of the 
apical cell membrane over adjacent cells on scanning electron microscopy (top) (x 1,000). Transmission electron 
micrographs (middle and bottom) (x 6,000) show excessive junctional overlap. Right, Scanning and transmis- 
sion electron micrographs of the companion cornea shown on the left perfused with BSS Plus. Scanning electron 
micrograph (top) (x 1,000) and transmission electron micrographs (middle and bottom) (x 5,000) demonstrate 
an ultrastructurally normal endothelial monolayer. 
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TABLE 2 
pH AND OSMOLALITY OF THROMBIN SOLUTIONS Discussion 

HIPP Intraocular use of products not designated as 

BREPARÄTON MEAN + SD. pH MOSG) such or evaluated for intraocular toxicity is 

- potentially dangerous. While topically applied 

Taromoinaf 1PQALU/MA 7.86 + 0.9 407 = 1 thrombin may be a useful adjunct to control 

Thrombinar 100 U/mi* 7.55 + 0.06 425 surface bleeding during ocular surgery on a 

Thrombostat 1,000 U/ml" TASE O a92 closed globe, it is important to realize that no 
BSS Plus 7.46 + 0.05 302 + 10 





*Diluted in BSS Plus. 


bands are present as well as a large amount of 
interband protein. Bands A and B have estimat- 
ed molecular weights of 44.5 kd and 37.5 kd. 
Lane 2 shows the result obtained with a 200-U/ 
ml solution of Thrombinar (Armour). Bands A 
and B are the most prominent, but several faint 
low molecular weight constituents are also 
present. Note the distinct lack of interband 
protein deposition and absence of high molecu- 
lar weight aggregates at the top of the running 
gel. Since protease inhibitors were present in 
the thrombin solutions during electrophoresis, 
autodegradation of the polypeptide chain to 
produce low molecular weight products is un- 
likely. 

In an analysis of the 100-U/ml dilutions of 
Thrombinar and Thrombostat for particulate 
contamination, as well as the background par- 
ticulate load for the BSS Plus diluent, the 100- 
U/ml Thrombostat preparation had a particu- 
late load 30 times greater than that seen in the 
Thrombinar solution (Table 3). 


Mean+SEM 
n=4 


ABSS Plus Control 
y=—(19.28+2.60)x + 10.81 
OArmour Thrombin 100/ml 


y=—(5.2442.68)x + 6.25 
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manufacturer has isolated thrombin for use in 
any way other than topically. As such, consid- 
erations as to purity, contaminants, pH, osmo- 
lality, and vehicles used are based on topical 
use only. At this time, no thrombin preparation 
has been approved by the Food and Drug Ad- 
ministration for intracameral use. We found 
that high-concentration solutions (that is, 1,000 
U/ml of either Thrombinar or Thrombostat) 
resulted in endothelial morphologic alterations 
characterized by intercellular vacuole forma- 
tion and altered apical junctions. These 
findings are identical to the endothelial chang- 
es reported in hyperosmotic media*" and in- 
clude intercellular space dilatation, intracellu- 
lar vacuole formation, and lysis of intercellular 
bridges. All of these conditions at one time or 
another were observed in corneas perfused 
with thrombin. 

It appears likely, therefore, that the changes 
observed when perfusing with 1,000-U/ml 
thrombin solution are a result of the solution’s 
hypertonicity. Our data suggest that the addi- 
tives in the vial of lyophilized thrombin are the 
osmotic agents (Tables 1 and 2). A previous 
study by Mannis and associates’ showed that 


Fig. 4 (McDermott, Edelhauser, 
and Mannis). Changes in human 
corneal thickness when paired cor- 
] neas are perfused with either 
Thrombinar 100 U/ml (open circles) 
or BSS Plus (filled triangles). The 
solid lines represent first order re- 
gression lines. Note the significant 
flattening of the Thrombinar’s 
deswelling curve compared to its 
BSS Plus-perfused companion cor- 
nea. 
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92.5Kd ( Phosphorulase B) 
66.2 Kd ( Bovine Serum Albumin) 
45.0 Kd (Ovalbumin) 


31.0Kd (Carbonic Anhydrase) 


21.5Kd (Soybean Trypsin Inhibitor) 
14.4 Kd (Lysozyme) 


Fig. 5 (McDermott, Edelhauser, and Mannis). Results of 12% polyacrylamide gel electrophoresis. Lane 1, 
Thrombostat (Parké-Davis) at an activity of 50 U/ml; Lane 2, Thrombinar (Armour) at an activity of 200 U/ml; 
Lane 3, molecular weight standards. Bands A and B in Lanes 1 and 2 may represent thrombin. 


sheep corneal endothelium bathed in 1,000-U/ 
ml thrombin (in normal saline) appeared nor- 
mal with alizarin red S and trypan blue stain- 
ing. However, this is in distinct contrast to the 
effects on human corneal endothelium where 
bathing in normal saline or hypertonicity may 
result in ultrastructural alterations.® 

The alterations observed may be reversible 
and not cause permanent loss of endothelial 
function. However, imposition of an osmotic 
stress on an eye that may have a preexisting 
endotheliopathy, such as that seen in diabetes 
mellitus as reported by Schultz and associ- 
ates," could result in endothelial decomposi- 
tion. This is especially important since vitrec- 
tomy in diabetic patients using solutions 
containing thrombin for intraocular hemostasis 
has been reported.*» In these studies, however, 
a lower dose (100 U/ml) was used so osmotic 
effects would be less. 

Even when using a lower concentration of 
thrombin (100 U/ml), the presence of certain 


additives may prove toxic. Thrombostat con- 
tains large quantities of the amino acid glycine, 
and a 100-U/ml dilution of Thrombostat (the 
dose used in all cited studies) contains 78 mg/dl 
of glycine. The presence of glycine at this con- 
centration is especially important in light of the 
recent study by Creel, Wang, and Wong” link- 


TABLE 3 
PARTICULATE ANALYSIS OF 100 U/ML 
THROMBIN SOLUTIONS 


LL 


PARTICLES/ML* 
SOLUTION RANGE MEAN S.D. 
Thrombinar 100 U/ml 662-706 694 15 
Diluent for Thrombinar* 154-180 171 10 
Thrombostat 100 U/ml 20,830-21 540 21,221 270 
Diluent for Thrombostat* 254-320 281 20 


SSS 
“Using 5- to 20-um window setting, 100-um aperture. 
"BSS Plus. 
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ing transient blindness (visual acuity of count- 
ing fingers at 1 meter) with increases in serum 
glycine levels during postoperative bladder ir- 
rigation after prostatic resection. In their pa- 
tients a graying of vision was temporally asso- 
ciated with loss of oscillatory potentials and 
30-Hz flicker following electroretinography 
with serum glycine levels in excess of 30 mg/dl. 
Clearly, intracameral use of this preparation 
presents a much higher local concentration of 
glycine (Table 1). Perfusion of a 100-U/ml 
thrombin solution results in a 78-mg/dl glycine 
level, at least 2.5 times the serum level associat- 
ed with visual symptoms. Therefore, a toxic 
effect is possible on the neurosensory retina 
(via inhibitory neurotransmission). Data on 
long-term toxicity or reversibility of exposure 
to glycine has not been reported to date. 

The other thrombin preparation, Throm- 
binar, does not contain glycine. However, 
perfusion of this preparation at 100 U/ml 
appears to be responsible for a significant (P < 
.02) loss in the ability of the cornea to 
deturgesce when perfused with BSS Plus. The 
BSS Plus-perfused corneas deturgesced at a 
significantly greater rate of 19 pm/hour as com- 
pared to the thrombin-perfused corneas’ 
deturgescence rate of 5 um/hour. The reversi- 
bility and long-term effect of exposure at this 
concentration is indeterminant. It appears, 
however, that short-term irrigation (less than 
one hour) has little effect on corneal 
deswelling, but longer durations of perfusion 
may result in a cumulative attenuation in endo- 
thelial function as reflected by the significantly 
different rates of deswelling. This could be of 
particular importance if the thrombin is left in 
the eye after completion of the surgical proce- 
dure. 

In addition to the tonicity and presence of 
additives, the protein composition of a specific 
activity thrombin solution must be considered. 
The activity in units of a thrombin solution is 
determined by comparing its ability to clot a 
plasma extract or purified fibrinogen solution 
to that of a National Bureau of Standards lot of 
thrombin. This in no way informs the user of 
the thrombin product what constituents and 
concentrations are present. The specific activity 
is only a measure of the ability to cause clot- 
ting. Since all thrombin solutions are labeled in 
terms of activity, interlot variability of extrane- 
ous proteins, particulates, and the like can 
exist. Therefore, even if the surgeon uses the 
same 100-U/ml dilution of a particular thrombin 
solution, there is no guarantee that the same 
solution (in terms of contaminants and particu- 


lates) is present. Herein we found that two 
thrombin preparations can contain different 
amounts of protein with presumed non- 
thrombin activity. Bands A and B are present 
in the preparations of both manufacturers, 
and presumably thrombin activity exists in one 
or both of those bands. This is in agreement 
with previous reports of multiple bovine 
thrombin components." Band B, with a mo- 
lecular weight estimate of 37.5 kd, is close to 
the reported molecular weight of 39 kd for 
bovine thrombin." 

It appears, therefore, that identical activity 
solutions of thrombin by different manufactur- 
ers have different electrophoretic patterns and 
amounts of nonthrombin protein. These 
substances may possess activity in their own 
right and serve as immunogenic stimuli. More- 
over, during preparation of the crude thrombin 
product, a variety of particulate matter may be 
introduced and subsequently perfused intraoc- 
ularly. Our Coulter counter results showed that 
certain preparations, even when diluted, con- 
tained large quantities of particulates. When 
using Thrombostat, irrigation during vitrec- 
tomy with 100 ml of the 100-U/ml solution 
would allow over two million particles to enter 
the eye. It is entirely possible, therefore, that 
the hypopyon formation as reported by 
Thompson and associates* was caused by the 
relatively crude purity of the commercial 
thrombin preparation. Therefore, one needs to 
consider whether the intraocular milieu is the 
appropriate chamber for this product. 

Even when using an ultra-pure crystalline 
thrombin preparation one must consider its 
potential interactions. Thrombin is a potent 
mitogen for fibroblasts, is chemotactic for neu- 
trophils, and causes smooth muscle contrac- 
tion. Upon exposure to thrombin solutions, 
vascular endothelium undergoes permeability 
increases, platelets aggregate with the subse- 
quent generation of eicosanoids, and 
fibronectin and laminin undergo enzymatic 
cleavage. Thrombin has been shown to bind to 
neural tissue causing an increase in cellular 
cGMP concentration.” 

It is apparent that thrombin is a molecule 
with enzymatic and receptor activity; however, 
it is not known whether the intact human 
corneal endothelium has thrombin receptors. 
In cultured cell lines good evidence exists for 
thrombin receptors. Isaacs and associates" 
demonstrated a specific 40,500-dalton, surface 
membrane-bound, a-thrombin receptor in cul- 
tured bovine corneal endothelium. This recep- 
tor is saturable and specific, but as yet does not 
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have a demonstrable physiologic effect on 
thrombin-receptor coupling. 

Cellular receptor density in the bovine corne- 
al endothelium model is about 100,000 recep- 
tors per cell and shows saturation at 2.0 to 2.5 
U/ml of thrombin. In further studies of this 
receptor, Savion and associates” showed that 
bovine corneal endothelium cells actively inter- 
nalize the receptor-a-thrombin complex via ad- 
sorptive endocytosis. In this model, internali- 
zation of the covalent thrombin receptor 
complex results in an increased number of 
cellular receptor site density. 

It appears, therefore, notwithstanding the 
differences between species and the differences 
involved in cell culture, that a human corneal 
endothelial receptor could exist. Current stud- 
ies using 'I-human thrombin to evaluate 
human corneal endothelial binding are under- 
way. As such, the possibility of its presence 
merits careful consideration before introduc- 
tion of thrombin intracamerally. This is espe- 
cially worrisome with the introduction of 
thrombin into the diabetic eye with an incom- 
petent blood-aqueous barrier and neovascular- 
ization. In this setting, a multitude of interac- 
tions may occur in addition to the obvious 
conversion of fibrinogen to fibrin. While many 
of our concerns could be viewed as potential 
problems, there are definite differences be- 
tween the two manufacturer’s thrombin prod- 
ucts. Moreover, using a sensitive technique, 
namely in vitro corneal perfusion, a 100-U/ml 
thrombin solution, the dose most commonly 
used, has been shown to decrease the 
deswelling rate of the perfused human cornea 
during prolonged perfusion. 
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Retinal Folds in the Shaken Baby Syndrome 





Michael W. Gaynon, M.D., Kathy Koh, M.D., Michael F. Marmor, M.D., 
and Lorry R. Frankel, M.D. 


We examined two children with presumed 
shaken baby syndrome. Both children suffered 
severe, indirect closed head trauma with intra- 
cranial hemorrhage, sharply increased intra- 
cranial pressure, and extensive neurologic 
damage. In addition to extensive retinal and 
preretinal hemorrhages, bilateral symmetric 
white ring-shaped retinal folds were seen en- 
circling the macula outside the vascular ar- 
cades. These retinal folds may be a hallmark of 
shaking injuries in child abuse victims. 


OCULAR MANIFESTATIONS of the shaken baby 
syndrome consist primarily of diffuse bilateral 
subretinal, intraretinal, preretinal, and vitre- 
ous hemorrhages.'? Intraretinal blood-filled 
schisis cavities have also been described.’ Typi- 
cally, signs of external or anterior segment 
ocular trauma are absent. We studied two cases 
of bilateral symmetric ring-shaped retinal folds 
in presumed child abuse victims. 





Case Reports 





Case 1 

A 4-month-old girl was hospitalized for res- 
piratory arrest. According to the parents, the 
child’s babysitter noted that the baby suddenly 
became cyanotic while crying. She immediately 
turned the child upside down and performed 
the Heimlich maneuver. The child made no 
ventilatory effort and paramedics were called. 
In the emergency room, the baby was comatose 
and was undergoing grand mal seizures. There 
were no external signs of contusion or other 
trauma. Computed tomography demonstrated 
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a right frontal subarachnoid and tentorial hem- 
orrhage. The child was intubated and moni- 
tored for increased intracranial pressure. Sub- 
sequently, she underwent placement of a 
ventriculoperitoneal shunt. 

Ophthalmologic examination on the second 
hospital day showed no response to bright 
light. The pupils were fixed at 5 mm. There 
were no external signs of ocular trauma and 
results of the anterior segment examination 
were unremarkable. Ophthalmoscopic exami- 
nation showed bilateral diffuse subretinal, in- 
traretinal, and preretinal hemorrhages. Elevat- 
ed ring-shaped white retinal or subretinal 
ridges were also noted surrounding both macu- 
lae. It appeared as though the retinas had 
folded over themselves, forming a circular 
ridge around each posterior pole. The vitreous 
was Clear. 

Follow-up examination three weeks later 
showed dense vitreous hemorrhages bilateral- 
ly, which prevented visualization of the fun- 
dus. B-scan ultrasonography showed vitreous 
hemorrhage and a slight elevation of the retina 
in both posterior poles corresponding to the 
areas where retinal folds were previously seen. 
There was no retinal or choroidal detachment. 
The vitreous hemorrhages failed to clear. The 
child never regained consciousness and re- 
mains quadriplegic. She was placed in the cus- 
tody of the court because of the suspicion of 
child abuse. 


Case 2 

A 10-month-old girl was admitted to the 
intensive care unit in a coma, with decerebrate 
posturing and grand mal seizures. She was 
previously in good health when she reportedly 
fell 5 feet to the floor from her stepfather’s arms 
while being carried down a stairway. No histo- 
ry of physical abuse could be elicited. Except 
for two small erythematous bruises on the left 
lower abdomen and left thigh, there were no 
other external signs of trauma. Computed to- 
mography demonstrated a left frontal sub- 
arachnoid hemorrhage and a right occipital 
subarachnoid hemorrhage. She was intubated 
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and treated with pancuronium bromide and 
phenobarbital. 

Ophthalmologic examination on the second 
hospital day showed no objective response to 
bright light. The pupils were fixed at 2 mm. 
Results of external and anterior segment exami- 
nation were normal. Ophthalmoscopy showed 
extensive subretinal, intraretinal, and prereti- 
nal hemorrhages. The optic disks were edema- 
tous, with marked nerve fiber layer hemorrhag- 
es. Scattered areas of retinal edema were also 
noted. White elevated retinal or subretinal 
ridges were present surrounding both maculae 
outside the vascular arcades (Figure). They 
were especially prominent temporally. 

On reexamination one week later there was a 
slight avoidance response to bright light in the 
right eye only. The pupils remained fixed. 
Ophthalmoscopy showed substantial resolu- 
tion of the retinal hemorrhages, but the retinal 
ridges persisted. 

The child recovered only partial conscious- 
ness, responding only to noxious stimuli. Mag- 
netic resonance imaging demonstrated promi- 
nent frontal sulci and large hemorrhages in 
both occipital lobes. Despite this, visual- 
evoked potentials were normal. At the time of 
discharge, the child was severely impaired 
neurologically, with poor head control and 
quadriparesis. The child was made a ward of 





Figure (Gaynon and associates). Arcuate retinal 
fold along the temporal aspect of the right macula. 


the court because of the strong suspicion of 
physical abuse. 





Discussion 





These two children with nearly identical oph- 
thalmoscopic changes were probable victims of 
child abuse. Both had severe, indirect head 
trauma leading to subarachnoid or subdural 
hemorrhages and resulting in increased intra- 
cranial pressures with devastating neurologic 
sequelae. Diffuse retinal hemorrhages were 
present and have been described previously in 
the shaken baby syndrome." It is uncertain 
whether these hemorrhages result from vitre- 
ous traction or increased intracranial pressure, 
such as that seen in Terson’s syndrome.‘ 

The pupils were fixed in both infants, and a 
weakly suggestive light response was seen in 
only one eye of one child. The absent pupillary 
response and the weak to absent light response 
were probably the result of central nervous 
system damage as opposed to retinal or optic 
nerve injury in light of the intact visual-evoked 
potentials in Patient 2. 

Retinal folds of varying orientation are found 
in a variety of conditions. Spontaneous folds 
occur in posterior persistent hyperplastic pri- 
mary vitreous. Folds may develop as a result of 
nematode infections, retinopathy of prematuri- 
ty, and familial exudative vitreoretinopathy. 
Vitreoretinal traction may induce folds in pro- 
liferative diabetic retinopathy, proliferative vit- 
reoretinopathy, or incomplete posterior vitre- 
ous separation. Chorioretinal folds are seen in 
hypotony and orbital tumors. Iatrogenic folds 
may result from vitreous or retinal incarcera- 
tion in a scleral wound, overly tight or incor- 
rectly oriented scleral buckles, scleral resec- 
tion, overly rapid drainage of subretinal fluid, 
slippage of giant tears, and occasionally from 
scleral buckling with an intraocular gas injec- 
tion.® Neither infant in our study showed pe- 
ripheral giant tears or dialyses. 

In both infants, the ridges were depigment- 
ed, suggesting either a rupture of the retinal 
pigment epithelium or rarified pigmentation 
caused by mechanical deformation. We believe 
rupture of the retinal pigment epithelium is the 
more likely explanation because normal pig- 
mentation remained in irregular areas on the 
crest of the folds. The folds appeared elevated 
relative to the surrounding retina based upon 
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their stereoscopic appearance, the suggestive 
distortion in the course of overlying vessels, 
and, in Case 1, the ultrasound findings. 

Greenwald described postmortem disease in 
five abused children with retinal folds or ridges 
in a crater-like formation in the macular region 
(unpublished data). He also found damage in 
Bruch’s membrane, the retinal pigment epithe- 
lium, and the retinal internal limiting mem- 
brane. He postulated that severe shaking re- 
sulted in abrupt vitreoretinal traction, leading 
to formation of the retinal folds. 

Perhaps the neurosensory retina is displaced 
laterally by vitreous traction during the shak- 
ing maneuver, and comes to rest in a redun- 
dant arcuate fold. The predilection for the 
perimacular region and the relative sparing of 
the nasal retina in our patients may reflect the 
peculiarities of sudden, oscillating vitreous 
traction in children with formed vitreous gel. 
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OPHTHALMIC MINIATURE 


Why has not man a microscopic eye? 
For this plain reason, man is not a fly. 


Alexander Pope, An Essay on Man, line 193 





Vitrectomy for Retinal Detachment Associated With Acute 


Retinal Necrosis 





Mark Blumenkranz, M.D., John Clarkson, M.D., William W. Culbertson, M.D., 
Harry W. Flynn, M.D., Mary Lou Lewis, M.D., and George A. Moo Young, M.D. 


Six patients with retinal detachment associ- 
ated with the acute retinal necrosis syndrome 
were treated by the combination of vitrectomy, 
gas injection, and laser photocoagulation. The 
retinas were successfully reattached in each 
patient with one operation. Five of the pa- 
tients achieved a visual acuity of 20/200 or 
better, and three had a visual acuity of 20/40 or 
better. 


RETINAL DETACHMENT continues to be the 
most serious and frequent late complication of 
the acute retinal necrosis syndrome, occur- 
ring in most patients with this disease‘ not 
treated with antiviral medications. Although 
intravenous acyclovir therapy hastens resolu- 
tion of the acute retinal lesions of viral origin, 
late retinal detachment still occurred in 86% of 
the patients’ in a recently reported series. Be- 
cause of the frequent occurrence of prolifera- 
tive vitreoretinopathy and large posterior reti- 
nal rips in these eyes, initial attempts at retinal 
reattachment were frequently unsuccess- 
ful.'*°8 More recent reports have indicated im- 
proved success rates ranging from 77% to 91% 
by using vitreous microsurgical techniques, in- 
cluding silicone oil.**"° It has been proposed 
that prophylactic retinal photocoagulation!” 
or vitrectomy with acyclovir infusate and scler- 
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al buckling" may prevent the development of 
retinal detachment when applied early in the 
course of this disease. However, it is often 
difficult to apply photocoagulation to many 
eyes because of associated vitritis. Of nine 
previously reported eyes treated with prophy- 
lactic vitrectomy and scleral buckling, six re- 
quired reoperation.*"4 

Eyes with acute retinal necrosis and retinal 
detachment present special technical problems 
to vitreoretinal surgeons. Multiple, large reti- 
nal tears and atrophic retinal defects, combined 
with associated arteritis of viral or immunolog- 
ic origin, make the placement of broad encir- 
cling scleral buckling elements prone to com- 
plication. For that reason, we evaluated the 
feasibility of achieving retinal reattachment 
without the use of a scleral buckle as a primary 
procedure. 





Patients and Methods 





We included in this study four men and two 
women seen initially between April 1983 and 
February 1987. The patients ranged in age from 
18 to 65 years (mean, 46.5 years). The length of 
follow-up ranged from eight to 24 months 
(mean, 14.5 months). Five of the six patients 
were treated with acyclovir before the develop- 
ment of retinal detachment. In every case, the 
detachment involved 75% or more of the retina 
including the macula (Fig. 1). Four of the pa- 
tients had stage C-1 or greater proliferative 
vitreoretinopathy, as manifest by the develop- 
ment of fixed retinal folds in one or more 
quadrants of the fundus! (Table). 

Vitrectomy was performed using a bimanual 
technique and a three-port system. An attempt 
was made to remove all vitreous cortex, partic- 
ularly that in the region of the vitreous base 
where tenacious adhesions were often adjacent 
to areas of necrosis or tears. In four cases, the 
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Fig. 1 (Blumenkranz and associates). Left, Typical appearance of fundus during the acute phase of acute 
retinal necrosis. In addition to zones of opaque peripheral confluent necrotizing retinitis, there is a more 
posterior thumbprint lesion superior to the optic nerve. Right, Fundus appearance after the development of 
retinal detachment. Note large posterior tear inferior to optic nerve at junction of involved and uninvolved 
retina as well as more accessible similar tear superotemporally. There are incipient fixed folds coursing toward 
the macula in the inferotemporal quadrant and many tiny retinal defects in areas of postnecrotic retina. 


maneuver required primary lens removal by a 
pars plana route. In all cases, posterior vitreous 
separation was present. Subretinal fluid was 
drained by an internal approach if an accessible 
retinal hole was present. In one patient (Patient 
4) a small retinotomy was created nasal to the 


optic nerve for subretinal fluid drainage. In two 
patients, the retina was flattened intraopera- 
tively and a contiguous triple row of photoco- 
agulation was applied along the posterior and 
anterior extent of all existing atrophic zones or 
areas of retinitis with an argon endophotocoag- 


TABLE 


SUMMARY OF PATIENT DATA* 
a E a i ee ee 


GRADE OF 
PATIENT NO., EXTENTOF PROLIFERATIVE FINAL LENGTH OF 
AGE (yrs), RETINAL VITREO- VISUAL PROCEDURES VISUAL FOLLOW-UP 
SEX DETACHMENT RETINOPATHY’ ACUITY PERFORMED REOPERATION REATTACHMENT ACUITY COMPLICATIONS (mos) 

1, 53, M? 75% C-1 HM LN; Q P No Yes 20/70 Macular pucker 10 

2, 18, F 100% C-2 HM L, V, G, P No Yes 20/200 Keratouveitis 24 

3, 65, F 100% C-1 HM V, G, P No Yes 5/200 None 8 

4, 59, M 75% C-2 HM V. G; E No Yes 20/30 Transient uveitis, 23 

cataract 
5, 54, M 100% B HM L VG P No Yes 20/30 Transient uveitis 13 
6, 30, M 100% B HM L, V,G, E No Yes 20/30 Mild cystoid 9 


macular edema 


aaaea aaa 

*CF, counting fingers at 3 ft; HM, hand motions; L, lensectomy; V, vitrectomy; G, long-acting gas injection; P, postoperative krypton laser 
photocoagulation; E, intraoperative argon green endophotocoagulation; SBP, scleral buckling procedure. 

‘Grade B, wrinkling of the inner retinal surface, rolled edge of retinal break, retinal stiffness, and vessel tortuosity; Grade C, full-thickness 
retinal folds, number indicates number of affected quadrants. 

‘Included in previously reported series (Reference 9). 
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ulation probe in the air-filled eye. The globe 
was insufflated with 20% perfluoropropane gas 
in five patients and 50% sulfur hexafluoride gas 
in one patient (Patient 1). In the four instances 
in which a complete pattern of encircling 
photocoagulation was not placed intraopera- 
tively because of either difficulties in visualiza- 
tion or residual subretinal fluid that was not 
drained internally photocoagulation was per- 
formed postoperatively through the gas-filled 
eye using a conventional krypton slit-lamp de- 
livery system on the first or second postopera- 
tive day in conjunction with fluid-gas ex- 
change." In all these cases, the distribution of 
laser treatment spots was identical to those 
placed intraoperatively in order to provide a 
barrier for subretinal fluid movement and trac- 
tional forces induced by the residual vitreous 
base" (Fig. 2). The primary operation was per- 
formed by one of us (M.S.B.) in five cases and 
by another of us (H.W.F.) in the sixth case. 





Results 





We reattached all six retinas, and three pa- 
tients achieved a visual acuity of 20/30 or better 





Fig. 2 (Blumenkranz and associates). Fundus ap- 
pearance through gas-filled eye (note light reflex 
above macula) immediately after vitrectomy. Subreti- 
nal fluid has been evacuated internally through the 
inferior retinal tear and photocoagulation applied 
along all edges of normal and postnecrotic retina 
peripherally as well as retinal tears. 


at six months. No patient required reoperation 
or the use of silicone oil for retinal reattach- 
ment. Early postoperative complications in- 
cluded mild layering of fibrin strands in the 
posterior segment that cleared spontaneously 
(Patients 2 and 4), chronic keratouveitis in a 
patient with herpes simplex virus cultured 
from the vitreous aspirate (Patient 2), and tran- 
sient mild iritis, relative hypotony (mean intra- 
ocular pressure, 6 mm Hg), and cystoid macu- 
lar edema (Patients 4 and 5). In the latter two 
patients, the cystoid edema resolved after three 
months. The only significant late complications 
were a mild -macular pucker in Patient 1 reduc- 
ing final visual acuity to 20/70, and a visually 
significant cataract in the only phakic patient 
not undergoing primary lensectomy (Patient 
4). This patient subsequently underwent extra- 
capsular cataract extraction and primary pos- 
terior chamber lens implantation, with a final 
visual acuity of 20/30. 








Discussion 








We demonstrated that retinal detachments 
associated with acute retinal necrosis can be re- 
paired by vitrectomy, fluid-gas exchange, and 
laser photocoagulation without the placement 
of a scleral buckle. By using this technique 
in conjunction with routine postoperative 
fluid-gas exchange and laser photocoagulation, 
we reattached six of six retinas with a single 
operation and achieved good visual results 
(three of six eyes 20/30 or better). Of the six 
patients undergoing this procedure, five were 
initially phakic and one was pseudophakic. 
One phakic patient who did not undergo pri- 
mary lensectomy developed a visually signifi- 
cant cataract within six months of surgery. 
Subsequent cataract extraction and posterior 
chamber implantation provided a good visual 
result. 

Management of retinal detachment associat- 
ed with the acute retinal necrosis syndrome is 
difficult. Recent reports suggest that the appli- 
cation of prophylactic photocoagulation to 
these eyes in the acute stage of viral infection in 
association with acyclovir therapy may ulti- 
mately reduce the high rate of retinal detach- 
ment normally encountered in this dis- 
ease.°*'L! Initial reports indicated a cumulative 
reattachment rate of approximately 22% in eyes 
with untreated acute retinal necrosis that de- 
veloped retinal detachment.*** With further 
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refinements in technique, we previously re- 
ported a success rate of 75% (including one 
patient [Patient 1] reported in this series who 
did not undergo scleral buckling).* However, in 
that series, only three of 12 eyes undergoing 
scleral buckling initially achieved a visual acu- 
ity of 20/200 or better compared to five of six 
patients in this series. Recent clinical studies 
on uncomplicated rhegmatogenous retinal de- 
tachments suggest that temporary tamponade 
and thermal retinopexy without application of 
a permanent scleral buckle are effective in 
achieving long-term retinal reattachment. "®” 
Our experience suggests that the same may be 
true for more complicated forms of retinal de- 
tachment in which scleral buckling presents 
either technical difficulties or potential hazards 
because of retinal hole configuration. However, 
we also performed vitrectomy and injection of a 
long-acting gas.”*! The concept of retinal hole 
closure and relief of traction without scleral 
buckling is in accord with previous descrip- 
tions of the mechanism of rhegmatogenous 
retinal detachment and contributions by kinetic 
and static forces within the vitreous cavity.” 
Despite advances in the prophylaxis of retinal 
detachment in the acute retinal necrosis syn- 
drome,”:8 this complication is likely to remain 
a substantial clinical problem because of the 
unsuitability of certain eyes for prophylactic 
photocoagulation and the intrinsic failure rate 
of this procedure. We have found the technique 
of vitrectomy, long-acting gas tamponade, and 
intraoperative or postoperative photocoagula- 
tion to be an effective method of treatment with 
acceptable anatomic and visual results. 
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Electrophysiologic Studies in Birdshot Chorioretinopathy 





Hilde A. Priem, M.D., Alfred De Rouck, M.D., Jean-Jacques De Laey, M.D., 
and Alan C. Bird, F.R.C.S. 


We investigated retinal function in 16 pa- 
tients with birdshot chorioretinopathy. Con- 
sistent abnormalities of dark adaptation, color 
vision, visual field, electro-oculography, 
electroretinography, and visual-evoked corti- 
cal potentials were found. They included 
raised thresholds of dark adaptation, acquired 
dyschromatopsia, mainly of the blue-yellow 
type, an electroretinogram with reduced am- 
plitude, increased latency of the b-wave and 
absent oscillatory potentials, an abnormal 
electro-oculogram, and in many a marked dis- 
turbance in the pattern reversal visual-evoked 
cortical potential. The a-wave of the electroret- 
inogram, the fast oscillations of the standing 
potential, and the flash visual-evoked cortical 
potential were well preserved. The nature of 
the abnormalities suggests that dysfunction 
was caused by inner retinal disease. Little 
evidence indicated outer retinal dysfunction 
resulting from choroidal inflammation. 


THE CLINICAL APPEARANCE of birdshot cho- 
rioretinopathy was first described by Ryan and 
Maumenee in 1980.' The early stage of the 
disease is characterized by a low-grade retinal 
vasculitis that often resolves spontaneously 
after two to three years. Choroidal disease 
becomes evident with the progressive appear- 
ance of pale lesions that seem to be associated 
with the large choroidal vessels.* The choroidal 
lesions may be already present at the time of 
initial diagnosis in some patients with only 
minor signs of retinal vasculopathy. However, 
many such patients give a history of floaters 
over a period of years, which we believe im- 
plies the presence of previous retinal vascular 
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disease. Apart from floaters and decreased vis- 
ual acuity, many patients have symptoms such 
as difficulty with night vision and loss of visual 
field. Such symptoms could be the result of 
inner retinal disease caused by retinal vasculi- 
tis or outer retinal disease caused by choroidal 
inflammation. There is as yet no evidence that 
allows us to distinguish between these two 
alternatives. 

We undertook this study to identify whether 
functional loss in birdshot chorioretinopathy is 
caused by inner or outer retinal disease. Six- 
teen patients with birdshot chorioretinopathy 
from the Eye Clinic of the University of Gent 
were subjected to a protocol of functional tests 
including visual acuity, color vision tests, pe- 
rimetry, dark adaptation, electro-oculography, 
electroretinography, and visual-evoked cortical 
potentials. Each patient was tested in a single 
day and always by the same two investigators. 





Patients and Methods 





Birdshot chorioretinopathy was diagnosed in 
ten women and six men based on the following 
criteria: bilateral, symmetric, and regularly dis- 
tributed depigmented subretinal lesions; reti- 
nal vasculopathy with or without cystoid macu- 
lar edema; disk edema or optic atrophy; and 
vitreous inflammatory signs. All 16 patients 
had the HLA-A29 antigen, which has been 
reported to be characteristic in birdshot chorio- 
retinopathy.** The mean age was 49 years 
(range, 38 to 68 years). 

A full clinical and fluoroangiographic exami- 
nation was performed. Color discrimination 
was tested using Ishihara plates, AO-HRR 
plates, the Tritan plate, and the Farnsworth 
Panel D15. Kinetic visual fields were recorded 
using a Goldmann perimeter, and dark adapta- 
tion was tested with the Goldmann-Weekers 
adaptometer with preadaptation luminance of 
636 cd/m? for five minutes; the threshold was 
determined after 15 minutes of darkness (nor- 
mal mean, log unit 5.0). 


430 ©AMERICAN JOURNAL OF OPHTHALMOLOGY 106:430-436, OCTOBER, 1988 


Vol. 106, No. 4 


Birdshot Chorioretinopathy 431 


—  : 0a OO 


Electro-oculography was undertaken using 
the technique described by François and associ- 
ates.° The same light source was used to induce 
the slow oscillation (period, 24 minutes), which 
expresses the ratio of the maximum amplitude 
in light to the minimum amplitude in darkness, 
as well as the fast oscillation (period, two min- 
utes), expressing the ratio of the maximum 
amplitude in darkness to the minimum ampli- 
tude in light. 

For electroretinography the stimulus was a 
xenon discharge tube with a maximal energy of 
40 J. Neutral and color filters were used. The 
electrical potentials were detected by a corneal 
electrode (absorbable gelatin sponge with sa- 
line solution) and a frontal electrode, and re- 
corded using an ink-jet mingograph with time 
constant 1.2 seconds (filter set at 700 Hz). 

Checkerboard patterns of several sizes were 
used to produce the pattern reversal visual- 
evoked cortical potential: 6, 12, 24, 48, and 96 
minutes of arc; field size, 20 degrees; temporal 
frequency, two reversals per second; field lumi- 
nance, 40 cd/m’; contrast, 80%. The amplitude 
of the different waves and the latencies of the 
P100 component were documented. 


Results 


Color discrimination was normal in eight of 
the 32 eyes. In the remaining 24 eyes, a moder- 


ate to severe blue-yellow deficiency was ob- 
served. Ten eyes had an additional red-green 
defect. 

Peripheral visual field constriction was found 
in ten eyes, and an enlarged blind spot was 
noted in five eyes. One eye had a central scoto- 
ma because of a subretinal macular scar. 

A normal visual threshold (log unit 5.0) was 
reached in only five eyes; it was slightly in- 
creased (below the log unit 3.0 level) in 11 eyes 
and markedly increased (log unit 3.0 or more) 
in ten eyes. 

The slow oscillation of the standing potential 
was absent (below 110%) in eight eyes and 
depressed (below 150%) in an additional 16 
eyes (Fig. 1). Conversely, the fast oscillation 
ratio remained within normal limits in 25 of 28 
eyes (Fig. 2). 

Variable reduction in amplitude of all compo- 
nents of the electroretinogram was recorded, 
particularly the scotopic b-wave to blue light. 
In all but four eyes, there was a considerable 
increase in the latencies of the b-wave in re- 
sponse to a white stimulus of 1 J. In normal 
controls this latency is constant (mean, 40.2 
msec) (Fig. 3). The relation between the a- and 
the b-wave amplitudes for a white stimulus of 
40 J was also abnormal. This ratio had a mean 
value of 1.28 in 16 eyes (mean value for nor- 
mals, 0.86; standard deviation, 0.10; N = 50). 

The ratio of the photopic to the scotopic 
b-wave was greater than the normal mean + 2 
S.D. in 12 of 32 eyes (normal mean value, 44.5; 
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Fig. 2 (Priem and associates). Electro-oculography 
in birdshot chorioretinopathy, fast oscillations. 
Number (N) of normal subjects and of patients with 
birdshot chorioretinopathy (BSCR), and the mean 
(m) and standard deviation (s) of the ratio of the 
maximal amplitude in darkness to the minimum 
amplitude in light (D/L ratio). Rr = ratio of fast 
oscillations. 


S.D., 5.0; N = 50). Although the scotopic 
b-wave seemed to be more often reduced than 
the photopic b-wave (Fig. 3), the ratio was 
lower than the normal mean in seven eyes, 
indicating that in these eyes the photopic 
b-wave had been more affected by the patho- 
logic process than the scotopic b-wave. Of 
these seven eyes, three had optic atrophy and 
two showed a subretinal neovascular lesion in 
the papillomacular area. 


The oscillatory potentials were absent in all 
but three eyes. A completely normal pattern 
visual-evoked cortical potential was obtained in 
only four eyes; three of these eyes also had 
normal visual acuity and color discrimination. 

The amplitudes of the pattern-evoked poten- 
tials were normal (<5 pV) in 11 eyes and sub- 
normal in 15 eyes. No response was recorded in 
two eyes. A distinct negative N75-wave of more 
than 0.5 uV was obtained only in eight eyes. 
The curve showing the relation between the 
amplitude of the P100 component and the 
check size of the stimuli was shifted to the right 
in all but six eyes, and in three eyes the curve 
was normal except for no response to the 6 
minutes of arc check size. The latencies of the 
P100 components were increased in most cases. 
For a check size of 12 minutes of arc, which in 
normal eyes produces a maximal response, 
seven eyes showed normal latencies, nine eyes 
showed increased latencies, and 12 eyes 
showed no response. For a check size of 48 
minutes of arc, eight eyes showed normal 
latencies, 18 eyes showed increased latencies, 
and two eyes showed no response. 

The flash visual-evoked cortical potential am- 
plitudes and wave forms were all normal, al- 
though the mean was less than the normal 
mean (between 6 and 10 pV). The responses 
were delayed in four eyes. 

We sought a correlation between functional 
abnormality and the extent of fundus changes. 
Visual loss and color vision deficiency correlat- 
ed best with clinical evidence of macular 
edema. Patients with constricted visual fields 
all had widespread retinal vasculopathy of at 
least two years’ duration. Most patients who 
had increased dark-adapted thresholds had an 
abnormal scotopic electroretinographic re- 
sponse. This high percentage of pathologic 
dark adaptation did not, however, correspond 
with subjective symptoms, as only three pa- 
tients complained of poor night vision. 

To determine whether there was a relation 
between the electro-oculographic results and 
the significant clinical findings, the patients 
were ordered according to decreasing number 
of flecks and decreasing severity of retinal 
vasculopathy (Fig. 4). There was a clear correla- 
tion between the light/dark ratio of the electro- 
oculogram (slow oscillation) and the degree of 
vasculopathy, but not with the number of cho- 
roidal lesions. The a/b wave ratio of the electro- 
retinogram varied widely and was abnormally 
high in all patients with evidence of active or 
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previous vasculitis, but was normal in those 
with normal retinal vessels whether or not they 
had choroidal lesions (Fig. 5). 

The visual-evoked cortical potential was nor- 
mal in the absence of manifest retinal vascular 
disease. In the presence of macular edema, the 
responses were delayed and reduced in ampli- 
tude, particularly with a small check size. In 
two eyes, the responses were unrecordable for 
all check sizes. In patients with atrophy or 
edema of the optic disk but with normal macu- 
lae, responses were obtained to all check sizes, 
but they were generally delayed. There was no 
correlation between changes in the visual- 





Fig. 3 (Priem and associates). 
Electoretinography in birdshot 
chorioretinopathy, latency in sco- 
topic b-wave. In patients with 
birdshot chorioretinopathy (solid 
line) there is increased latency in 
the scotopic b-wave as compared 
with a normal population (dotted 
line). 


60 msec 


evoked cortical potential and the extent of cho- 
roidal change. 





Discussion 


Clinical electrophysiologic tests provide in- 
formation concerning the location of the lesion 
within the visual pathway, the distribution of 
the lesions in the fundus, and distinguish be- 
tween cone and rod function. Since the initial 
study concerning birdshot chorioretinopathy 
in 1980,! there has been some documentation of 


434 AMERICAN JOURNAL OF OPHTHALMOLOGY 


October, 1988 











2 
| i 
“me 





| 


160 180 


mt 


100 120 





WNN Í 
10 


200 Ly, 


+ flecks only nasal periphery 
++ flecks in 4quadrants with sparing of macula 
+++ with involvement of macula 
++++ very densely distributed flecks + confluent 


Vasculopathy 








100 120 140 160 180 200 L/p 
- no vasculopathy 
+ mild 
++ severe, 


+++ Severe +diffuse ,, 


Fig. 4 (Priem and associates). Correlation of electro-oculogram slow oscillatory potentials with number of 
choroidal flecks (left) and with retinal vasculopathy (right) in birdshot chorioretinopathy. This shows no 
correlation between the abnormality of slower oscillations and choroidal disease but a strong correlation with 


retinal vasculopathy. 


abnormal electrophysiologic responses,*” but 
the number of patients tested was small. The 
present study confirms the previous functional 
and electrophysiologic findings such as distur- 
bances in color vision and perimetry, increased 
dark-adapted thresholds, a reduced light/dark 
ratio on electro-oculography, and abnormal re- 
sponses on electroretinography and pattern re- 
versal visual-evoked cortical potential. 

In the mid 1950s, Francois, Verriest, and De 
Rouck"*"* introduced electro-oculography as a 
functional test, but only the slow oscillations 
were studied. In 1966, Kolder and Brecher" 
demonstrated the light-induced fast oscillatory 
potentials between the cornea and retina. 
Electro-oculography reflects interactions be- 
tween the retinal pigment epithelium and the 
photoreceptors." The fast and slow oscillations 


both reflect changes in the degree of polariza- 
tion of the retinal pigment epithelium, but are 
thought to be produced by different mecha- 
nisms. The slow oscillation appears to also be 
affected by vascular changes in the inner reti- 
na, while the fast oscillation is not. 

The marked decrease of the slow oscillations 
combined with preservation of the fast oscilla- 
tions in our patients suggests that the primary 
site of retinal damage is in the inner layers. 
Furthermore, there was a good correlation be- 
tween the reduction of slow oscillations and the 
severity of retinal vasculopathy, whereas no 
correlation was found with the degree of cho- 
roidal involvement estimated by the extent of 
choroidal lesions (Fig. 5). The absence of oscil- 
latory potentials and marked reduction of 
b-wave amplitudes in the presence of relatively 
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intact a-waves also imply inner rather than 
outer retinal disease. These findings suggest 
that retinal vascular disease rather than choroi- 
dal inflammation is responsible for functional 
loss. This conclusion is strengthened by the 
correlation of functional abnormality (a/b ratio) 
with the retinal vascular changes. 

The pattern visual-evoked cortical potential 
depends on the integrity of the entire visual 
pathway, and the abnormal cortical responses 
do not distinguish between optic nerve dys- 
function and macular edema. Delayed or atten- 
uated responses have been reported in various 
macular diseases.” In our group of patients 
with birdshot chorioretinopathy, the most se- 
verely disturbed responses were found in eyes 
with macular edema, with or without disk 
edema. In two patients (three eyes) with nor- 
mal maculae but with disk swelling there was a 
delay, but responses for small check sizes were 
present. Macular edema, a frequent finding in 
birdshot chorioretinopathy, seems to play a 
primary role in the delayed visual-evoked corti- 
cal potential response. 

All of the functional deficits, although sepa- 
rately not pathognomonic, imply that the func- 
tional loss in birdshot chorioretinopathy is re- 





Fig. 5 (Priem and associates). 
The a/b-wave ratio of the electro- 
retinogram correlated with the 
vasculopathy in birdshot chorioret- 
inopathy. This shows an increase 
of the ratio in the presence of active 
vascular disease and in some pa- 
tients with evidence of previous 
vasculopathy. In the absence of 
retinal vascular disease this ratio is 
normal. 


Vasculopathy 


lated to-an abnormality of the inner retina 
caused by vascular disease, rather than outer 
retinal damage as a consequence of choroidal 
inflammation. This correlates with the scarcity 
of clinically apparent structural change in the 
retinal pigment epithelium overlying the cho- 
roidal lesions. The depigmented flecks that we 
believe are situated in the outer choroid are an 
important part of the clinical picture. However, 
electrophysiologic techniques do not detect 
consequent functional loss. This would be in 
accord with the concept that choroidal disease 
is not accompanied by severe inflammation’ or 
that choroidal inflammation is restricted to the 
outer choroid.’ 
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Brainstem Ocular Motility Defects and AIDS 





Latif M. Hamed, M.D., Norman J. Schatz, M.D., and Steven L. Galetta, M.D. 


Ocular motility manifestations of focal 
brainstem dysfunction were the initial clinical 
features in three patients with human immu- 
nodeficiency virus (HIV) infection. These in- 
cluded conjugate gaze palsy with ipsilateral 
facial paresis, bilateral abducens palsy and a 
gaze paresis, and homolateral internuclear 
ophthalmoplegia and abducens nerve pare- 
sis. Two patients had focal brainstem lesions 
as evidenced on neuroimaging. The third 
showed concurrent infection with Treponema 
pallidum. 


THE OCULAR DISORDERS that accompany AIDS 
are well recognized.'* The neurologic condi- 
tions observed in this disease may be classified 
into four major categories: (1) infection by the 
human immunodeficiency virus (HIV) itself*; 
(2) opportunistic infections by bacterial, fun- 
gal, parasitic, or other viral agents"*; (3) neo- 
plastic processes, including primary central 
nervous system lymphomas and metastatic dis- 
ease”; and (4) cerebrovascular complica- 
tions.'*” Focal or diffuse neurologic dysfunc- 
tion may occur at any time during the clinical 
course, and may affect the central or peripheral 
nervous system. Ocular motor problems result- 
ing from brainstem dysfunction as an initial 
manifestation of AIDS are rare.” 





Case Reports 





Case 1 

A 36-year-old Haitian woman was suddenly 
unable to look to her left. On examination her 
eyes were deviated to the right and failed to 
move to the left past the midline. She com- 
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plained of left occipitoparietal headache but 
denied nausea, vomiting, fever, chills, night 
sweats, and AIDS risk factors. Her medical 
history was unremarkable. The patient’s temp- 
erature was 99.1 F and blood pressure was 
120/70 mm Hg. 

Visual acuity was 20/30 in each eye. Results 
of visual field testing, slit-lamp examination, 
and ophthalmoscopy were normal. There was 1 
mm of left upper eyelid blepharoptosis. The 
pupils measured 4 mm on the right and 3 mm 
on the left. There was no afferent pupillary 
defect. Left gaze did not improve on oculo- 
cephalic testing or cold water caloric stimula- 
tion of the left ear. Sensation on the left side of 
the face was decreased in all three trigeminal 
divisions, but masseter muscle function was 
intact. A mild left peripheral facial nerve pare- 
sis was present, and hearing was depressed on 
the left. The clinical diagnosis was dorsolateral 
pontine syndrome with left conjugate gaze 
palsy, left Horner’s syndrome, ipsilateral facial 
motor and sensory deficit, and sensorineural 
deafness. 

A peripheral leukocyte count was 2,700/mm? 
(32% neutrophils, 7% bands, 36% lympho- 
cytes, 1% monocytes, and 24% eosinophils). 
The ratio of T4 helper to T8 suppressor cells 
was 0.6 (normal, 1.1 to 3.5), and the patient 
was anergic. Results of bone marrow biopsy 
were normal. Serum VDRL, FTA-ABS, and anti- 
nuclear antibody testing were negative. 

Lumbar puncture showed an opening pres- 
sure of 90 mm H:O and yielded clear cerebro- 
spinal fluid with no cells. The fluid glucose 
level was 37 mg/dl and the protein level 18 
mg/dl. Cryptococcal antigen and VDRL tests 
were negative. Microscopic examination 
showed no tumor cells, fungi, acid-fast bacilli, 
or other microorganisms and cultures were 
negative; cytomegalovirus titers were negative 
and Toxoplasma titers were positive. Serum HIV 
antibody titers were positive on both enzyme- 
linked immunosorbent assay and Western blot 
analysis. Blood cultures showed no growth. 

Computed tomography of the head with con- 
trast demonstrated an enhancing lesion in the 
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Fig. 1 (Hamed, Schatz, and Galetta). Case 1. Axial (left) and coronal (right) computed tomographic scans with 
contrast demonstrate a focal enhancing lesion in the left dorsal lateral pontine area (arrow). 


left dorsolateral pons (Fig. 1). An empiric 
course of pyrimethamine and sulfadiazine for 
presumed toxoplasmosis was administered. 
The patient’s condition stabilized, and she was 
discharged to home care. 


Case 2 

A 39-year-old man experienced sudden onset 
of headache and horizontal diplopia. Nine 
months earlier he had begun to suffer from 
fevers and sweats and had noted cervical lym- 
phadenopathy. He denied intravenous drug 
abuse or homosexual contact but admitted to 
exposure to prostitutes. 

Visual acuity was 20/25 in each eye. Results 
of visual field testing and pupillary and slit- 
lamp examinations were unremarkable. Scat- 
tered retinal cotton-wool spots were present 
bilaterally. 

There was 35 prism diopters of right esotro- 
pia in the primary position at distant fixation. 
On attempted dextroversion, the right eye 
failed to abduct past the midline and the left 
eye adducted subnormally (about 75% of nor- 
mal). On doll’s head maneuver, right eye ab- 
duction was absent but left eye adduction im- 


proved to 90% of normal. On attempted 
levoversion, the left eye failed to abduct past 
the midline but the right eye adducted fully 
(Fig. 2). Convergence was intact. Cold water 
caloric testing in the right ear produced no 
response in either eye; testing in the left ear 
produced full adduction of the right eye but no 
improvement in left eye abduction. Optokinetic 
responses were depressed both horizontally 
and vertically. Vertical eye movements were 
full, but with slowed saccades. The motility 
pattern was consistent with bilateral abducens 
palsy and left gaze paresis. 

There was a mild left peripheral facial nerve 
paresis and mild bilateral finger-to-nose dys- 
metria. Results of the neurologic examination 
were otherwise unremarkable. 

HIV serologic testing was positive on both 
enzyme-linked immunosorbent assay and 
Western blot analysis. The ratio of T4 helper to 
T8 suppressor cells was 0.3, and the patient 
was anergic. Serum VDRL, FTA-ABS, and 
blood cultures were negative. A lumbar punc- 
ture showed an opening pressure of 220 mm 
H:O. The cerebrospinal fluid contained three 
erythrocytes and 30 leukocytes per cubic milli- 
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Fig. 2 (Hamed, Schatz, and Galetta). Case 2. At- 
tempted dextroversion (top) and levoversion (bot- 
tom) show a bilateral abduction deficit. Left eye 
adduction range and saccadic velocity were subnor- 
mal. 


meter (84% monocytes and 16% neutrophils); 
the cerebrospinal fluid glucose level was 39 
mg/dl and the protein level 87 mg/dl; 
cryptococcal antigen and VDRL tests were neg- 
ative; there were no tumor cells, fungi, acid- 
fast bacilli, or other microorganisms; and cere- 
brospinal fluid cultures were negative. Serum 
and cerebrospinal fluid titers for Toxoplasma 
and cytomegalovirus titers were negative. 

Magnetic resonance imaging demonstrated a 
focal lesion in the midpontine tegmentum (Fig. 
3). The diagnosis was a left gaze paresis and 
bilateral abducens nerve palsy resulting from a 
focal pontine tegmentum lesion. 

Oral corticosteroids and, subsequently, em- 
piric sulfadiazine and pyrimethamine were ad- 
ministered. The patient’s condition stabilized. 
Throughout hospitalization, the patient experi- 
enced vivid visual hallucinations that were at- 
tributed to peduncular hallucinosis,™ but tem- 
poral lobe epilepsy could not be ruled out with 
certainty. 


Case 3 

A 30-year-old man had a two-day history of 
horizontal diplopia. His medical history 
showed no evidence of diabetes, hypertension, 
syphilis, or AIDS risk factors. Results of a 
general physical examination were unremarka- 
ble. 

Visual acuity was 20/20 with a full visual field 
in each eye. Results of the pupillary and slit- 
lamp examinations as well as ophthalmoscopy 
were normal. There was 10 prism diopters of 
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Fig. 3 (Hamed, Schatz, and Galetta). Case 2. 
Tz-weighted magnetic resonance imaging shows a 
high-intensity signal in the midpontine tegmentum. 


left esotropia in the primary position. On at- 
tempted dextroversion, the right eye abducted 
normally, but the left eye showed moderately 
limited adduction and slowed adducting 
saccades. On attempted levoversion, the right 
eye adducted normally, but the left eye abduct- 
ed only slightly past the midline. Convergence 
was intact, and forced ductions were free. Re- 
sults of intravenous edrophonium chloride 
testing and orbital echography were normal. A 
clinical diagnosis of left abducens nerve palsy 
and ipsilateral internuclear ophthalmoplegia 
was made. 

Laboratory tests yielded the following re- 
sults: serum hemoglobin, 14.9 g/dl; hematocrit, 
45%; leukocyte count, 8,500/mmi? (58% neutro- 
phils, 8% bands, 15% lymphocytes, 17% mono- 
cytes, and 1% basophils); erythrocyte sedimen- 
tation rate, 23 mm/hour; and fasting blood 
sugar level, 88 mg/dl. Serum rapid plasma 
reagin was reactive with a titer of 1:64, the 
FTA-ABS was 4+ positive, and the antinuclear 
antibody testing was negative. Serum HIV anti- 
body assays were positive on both enzyme- 
linked immunosorbent assay and Western blot 
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analysis. T cell studies showed an inverted and 
decreased helper to suppressor cell ratio of 0.2. 

A lumbar puncture showed an opening pres- 
sure of 160 mm H:O. The cerebrospinal fluid 
contained three erythrocytes and eight leuko- 
cytes per cubic millimeter (four neutrophils 
and four monocytes); the fluid glucose level 
was 49 mg/dl and the protein level 14 mg/dl; 
VDRL, FTA-ABS, Toxoplasma titers, and cryp- 
tococcal antigen testing were negative; micro- 
scopic examination showed no tumor cells, 
fungi, acid-fast bacilli, or other microorga- 
nisms. Cerebrospinal fluid cultures were also 
negative. Results of an enhanced computed 
tomographic scan of the head, a technetium 
bone scan, a gallium scan, and magnetic reso- 
nance imaging of the head were normal. 

A 14-day course of intravenous aqueous pen- 
icillin G (2 million units/four hours) was admin- 
istered. Ocular motility returned to normal 
after one week of therapy. A repeat lumbar 
puncture showed a nonreactive cerebrospinal 
fluid VDRL and FTA-ABS and complete resolu- 
tion of the pleocytosis. 


Discussion 


Approximately 40% of patients with AIDS are 
neurologically symptomatic, with 10% to 20% 
initially examined because of neurologic com- 
plaints.'*"* The disease may result in a variety 
of neuro-ophthalmologic manifestations, in- 
cluding papilledema,” papillitis,?*” optic atro- 
phy,” retrobulbar neuritis,” visual field 
defects," cortical blindness,“ visual 
allesthesia,! ocular motor nerve palsies,” and 
pupillary abnormalities.*” Ocular motor nerve 
involvement may be the initial manifestation of 
central nervous system disease. Fujikawa, 
Schwartz, and Rosenbaum” reported vertical 
diplopia caused by a trochlear nerve palsy as 
the first manifestation of central nervous sys- 
tem involvement in an AIDS patient with 
Burkitt’s lymphoma. 

Antworth and Beck” described an AIDS pa- 
tient with a third cranial nerve palsy and a 
contralateral tremor. A computed tomographic 
scan showed a ring-enhancing lesion in the left 
thalamus that extended into the midbrain, in- 
volving the third nerve fascicle and red nucle- 
us. A presumptive diagnosis of central nervous 
system toxoplasmosis was made. 

Certain central nervous system lesions seen 
in patients with AIDS may not show diagnostic 


features on neuroimaging, and a biopsy may be 
required for diagnostic confirmation. Patients 1 
and 2 had pontine mass lesions causing the 
motility disturbance. Biopsy of the brainstem 
was considered in both patients for histopatho- 
logic confirmation, but was not performed be- 
cause of the relatively inaccessible location. A 
presumptive diagnosis of central nervous sys- 
tem toxoplasmosis in these two patients is sup- 
ported by stabilization of the clinical condition 
following empiric Toxoplasma therapy. 

Ocular motor palsies are mentioned in the 
AIDS literature, but details are sparse. Helweg- 
Larsen and associates” found that 17 of 589 
patients (3%) with neurologic manifestations of 
AIDS had cranial nerve involvement, including 
the third, fourth, and sixth cranial nerves. 
Three patients described by Palestine and co- 
workers’ developed ocular motor nerve palsies: 
one had cryptococcal meningitis, another had 
primary central nervous system lymphoma and 
cryptococcal meningitis, and the third devel- 
oped involvement of the fourth and fifth cranial 
nerves during an episode of cutaneous herpes 
zoster. In their series of 26 patients with AIDS, 
Freeman and associates' found two patients 
with ocular motility abnormalities: one patient 
with cryptococcal meningitis had bilateral 
abducens palsy and a third nerve palsy; the 
other had central nervous system toxoplasmo- 
sis with left abducens and oculomotor nerve 
palsies. Of six patients with metastatic central 
nervous system tumors reported by Snider and 
associates," one had a left abducens and oculo- 
motor palsy, another a third nerve palsy, anda 
third had bilateral sixth nerve palsies. 

Motility disorders may result from a nuclear 
lesion, as demonstrated in Case 1. Su- 
pranuclear defects were noted in Case 2, 
showing slow vertical saccades and improved 
medial rectus muscle function on oculocephalic 
and cold water caloric testing. No previous 
reports describe ocular motor nuclear involve- 
ment in AIDS patients, and only one report 
describes a supranuclear disturbance. A dorsal 
midbrain syndrome developed in a patient de- 
scribed by Khadem and associates.‘ Postmor- 
tem examination disclosed numerous cortical 
cytomegalovirus inclusions, and a culture of 
the midbrain was positive for herpes simplex. 

Because ocular motility disorders in AIDS 
patients have not been studied systematically, 
their frequency remains unknown. Associated 
loss of vision may preclude diplopia, rendering 
some patients asymptomatic. Moreover, cases 
in obtunded patients may be overlooked. The 
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high incidence of neurologic disease in AIDS 
patients suggests that the frequency of ocular 
motility abnormalities may be currently under- 
estimated. 

Patient 3 had serologic evidence of both 
syphilis and HIV infection, but the cerebrospi- 
nal fluid VDRL and FTA-ABS tests were nonre- 
active on two occasions. The favorable re- 
sponse to penicillin therapy is highly 
compatible with concurrent neurosyphilis. 
Careful history taking did not uncover a previ- 
ous bout of syphilis in this patient. While the 
medical history may be inaccurate, an alterna- 
tive explanation for the lack of primary and 
secondary syphilitic stages can be found in 
recent suggestions of synergism between syph- 
ilis and AIDS.” Concomitant HIV infection 
may alter the natural course of syphilis, render- 
ing the disease more aggressive by accelerating 
the clinical course and diminishing the latency 
period, and may contribute to failure of con- 
ventional syphilis therapy. Concurrent HIV in- 
fection may also render syphilis serologic tests 
falsely negative.” Some investigators have dis- 
cussed maintenance antibiotic therapy for 
AIDS patients with concurrent syphilis and 
empiric syphilis therapy for AIDS patients with 
neurologic impairment.*!* 

The differential diagnosis of a brainstem syn- 
drome in a young patient includes demyelinat- 
ing disease, congenital malformations, trauma, 
brainstem infarction, hemorrhage, abscess, tu- 
mors, and paraneoplastic processes. It is evi- 
dent that HIV-related disease must be included 
in the differential diagnosis of acute brainstem 
syndromes. Moreover, patients infected with 
the HIV virus, especially those with neurologic 
disease, should undergo both the serum VDRL 
and the FTA-ABS test. A history of syphilis or 
other venereal disease is an epidemiologic risk 
factor for the development of AIDS. There- 
fore, patients with neurologic disease and posi- 
tive syphilis serologic findings should undergo 
serologic HIV testing. To avoid late relapses, 
more aggressive antibiotic therapy than is tra- 
ditionally recommended for syphilis may be 
needed in patients with concurrent AIDS.*!4 
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Progressive and Recurrent Nonarteritic Anterior Ischemic 


Optic Neuropathy 





Mark Borchert, M.D., and Simmons Lessell, M.D. 


We examined ten patients with nonarteritic 
anterior ischemic optic neuropathy in whom 
the visual deficit progressed over a number of 
weeks or who suffered a recurrence in the 
same eye. The visual deficits progressed over a 
month or more in five patients, four patients 
suffered a recurrence in the same eye after a 
long interval, and one patient had bilateral 
progression and a recurrence. 


NONARTERITIC ANTERIOR ischemic optic neu- 
ropathy characteristically causes precipitous 
visual loss. The visual deficit is either maximal 
when first noticed or evolves over hours to 
days. Progression rarely occurs over weeks.! 
After an interval, the fellow eye is commonly 
involved but recurrences in the same eye are 
said to be uncommon.' We examined ten pa- 
tients with nonarteritic anterior ischemic optic 
neuropathy who suffered recurrences in the 
same eye or progression over intervals ranging 
from weeks to months. 


Case Reports 


Case 1 

A 68-year-old man was well except for a 
maculopathy of his right eye that had not af- 
fected his vision. On Jan. 12, 1985, he suddenly 
lost part of the lower visual field of his left eye. 
There was no associated pain or other symp- 
toms. When examined 48 hours later, his visual 
acuity was 20/15 in each eye and he correctly 
identified all Ishihara color test plates. The left 
eye had a relative afferent pupillary defect, 
segmental disk edema, and an inferior altitudi- 
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nal visual field defect. Over the next five days, 
the visual field defect gradually enlarged. Re- 
sults of a neurologic examination, computed 
tomographic scan of the head with contrast 
injection, and an erythrocyte sedimentation 
rate were all normal. Three weeks of oral high- 
dose prednisone treatment did not appear to 
influence his course, and the visual field defect 
slowly progressed over the next three months. 
The defect extended into the upper half of the 
field and involved fixation (Fig. 1). By April 30, 
1985, visual acuity in the left eye was 20/200 
and there was a profound dyschromatopsia. 
Visual function in his left eye has remained 
unchanged since that time. 

On Sept. 29, 1985, the patient experienced a 
ten-minute episode of pulse-synchronous 
flashing lights, with obscuration of vision on 
right gaze. Findings on examination the follow- 
ing day were unchanged from five months 
earlier. Results of oculoplethysmography were 
normal. 

On Nov. 29, 1985, the vision in his right eye 
suddenly became impaired. Visual acuity was 
correctable to 20/20 and color vision was unim- 
paired, but there was an inferior altitudinal 
visual field defect and sectoral disk edema. He 
was hospitalized and treated with nifedipine, 
high-dose prednisone, acetazolamide, topical 
timolol, and oxygen inhalation. Despite this 
regimen, his visual loss progressed over the 
next month. His disorder then stabilized until 
July 22, 1986, when he suddenly lost more of 
his right visual field (Fig. 2). At that time, 
results of a temporal artery biopsy, cerebrospi- 
nal fluid examination, serologic test for syphi- 
lis, serum protein and lipoprotein electropho- 
resis, chest x-ray, serum angiotensin 
converting enzyme level, tuberculin skin test, 
and complete blood cell count were normal. 
Results of repeat head and orbit computed 
tomography were unchanged. 

During the next 18 months he lost two more 
areas of his field, but his visual acuity remained 
20/20. 
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Fig. 1 (Borchert and Lessell). Case 1, left eye. Left, Automated visual field at the initial examination. Numbers 
indicate the depth of the defect in decibels. Right, Visual field 342 months later. 


Case 2 

A 50-year-old man with insulin-dependent 
diabetes mellitus for two years had injured his 
right eye in childhood, which reduced visual 
acuity in that eye to counting fingers. Five days 
after a routine ophthalmologic examination, in 
which visual acuity in his left eye was 20/20, he 
suddenly and painlessly lost the inferior visual 





field of that eye. Reexamination showed that 
visual acuity was 20/50 and the upper half of 
the left disk was edematous. Visual field exami- 
nation demonstrated an inferior altitudinal de- 
fect (Fig. 3). Results of a complete blood cell 
count, erythrocyte sedimentation rate, serolog- 
ic test for syphilis, antinuclear antibody titer, 
and serum angiotensin converting enzyme 





Fig. 2 (Borchert and Lessell). Case 1, right eye. Left, Automated visual field on Nov. 30, 1985. Right, Visual 


field 15 months later. 
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Fig. 3 (Borchert and Lessell). Case 2, left eye. Left, Goldmann visual field at time of initial visual loss. Right, 
Goldmann visual field after progression of visual loss one month later. 


level were normal. His field loss was stable for 
one week, but then slowly worsened over the 
next month, leaving him with a small island of 
central vision in his left eye (Fig. 3). Visual 
acuity remained 20/50. His left disk was pale 
superiorly and edematous inferiorly. 

Results of cytologic cerebrospinal fluid stud- 
ies, chest x-ray, computed tomographic scan of 
the head and orbits with contrast injection, and 
tuberculin skin test were all normal. 


Case 3 

A 57-year-old healthy man consulted his 
ophthalmologist because he had seen flashing 
light for four days and had blurred vision for 
two days in his left eye. Visual acuity was 20/20 
in each eye and results of color vision testing 
were normal. However, there was a left 
superonasal visual field defect and the inferior 
portion of the left disk was edematous. One 
month later, his vision again suddenly blurred. 
Visual acuity decreased to 20/50 and there was 
a central visual field defect. There was dyschro- 
matopsia and a left afferent pupillary defect. 
The left disk was diffusely swollen. Results of 
an erythrocyte sedimentation rate were normal 
and a temporal artery biopsy showed normal 
tissue. 

Three months later, the patient realized that 
he had lost more of his visual field. Results of 
perimetry confirmed his impression. The left 
disk was still diffusely edematous. Results of a 
computed tomographic scan of the head and 
orbits with contrast injection, erythrocyte sedi- 
mentation rate, antinuclear antibody titer, ser- 


ologic test for syphilis, and serum protein elec- 
trophoresis were normal. The patient refused a 
lumbar puncture. His findings in the left eye 
have remained unchanged. 

Ten months after the condition of his left eye 
stabilized, he suddenly lost the lower half of 
the field of his right eye. Examination showed 
that visual acuity was 20/20 and results of color 
vision testing were normal, but he had an 
inferior altitudinal visual field defect and 
edema of the superonasal segment of the disk. 
One week later, visual acuity in the right eye 
decreased to counting fingers and the disk 
swelling had become more extensive. Vision 
never recovered. 


Case 4 

A 74-year-old man with treated hypertension 
and atrial fibrillation suffered sudden, painless 
loss of vision in his left eye in June 1985. His 
ophthalmologist diagnosed nonarteritic ante- 
rior ischemic optic neuropathy. Visual acuity 
was 20/30, and he had an inferior altitudinal 
visual field defect and optic atrophy. Findings 
in the right eye were unremarkable. 

He was then well until Sept. 22, 1986, when 
sectoral edema of the right optic disk was noted 
on a routine ophthalmologic examination. Vis- 
ual acuity in the right eye was 20/20 and the 
visual field was full. He then described a slowly 
progressive “break-up” of the upper half of the 
visual field of his right eye. When his condition 
stabilized three months later, visual acuity was 
20/40, there was a dense, extensive upper alti- 
tudinal visual field defect, and his disk was 
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atrophic. Results of a temporal artery biopsy, 
erythrocyte sedimentation rate, and computed 
tomographic scan of the head and orbits with 
contrast injection were normal. There have 
been no subsequent changes. 


Case 5 

A 65-year-old woman with treated endome- 
trial carcinoma suddenly lost the superonasal 
quadrant of her left visual field in September 
1975. Visual acuity was R.E.: 20/25 and L.E.: 
20/30. Perimetry demonstrated a superonasal 
step in her left eye. The left disk was swollen 
inferiorly and there was a peripapillary hemor- 
rhage. Results of an erythrocyte sedimentation 
rate were normal. 

The patient, a physician, checked her central 
visual field every other day with an Amsler 
grid. No change was noted until April 1976, at 
which time she found that her field loss had 
increased (Fig. 4). On reexamination, visual 
acuity was still 20/20 but there was edema of 
the left disk, especially superiorly. Results of a 
repeat erythrocyte sedimentation rate were 
normal. Her vision has remained unchanged 
and her general health has been good over the 
ensuing 12 years. 


Case 6 

A healthy 66-year-old man lost vision in his 
left eye over a one-week period. When vision 
started to fail in his right eye 5%2 weeks later, he 
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consulted an ophthalmologist. He had a life- 
long exotropia and a visual acuity of R.E.: 20/25 
and L.E.: 20/20 had previously been recorded. 
On examination, visual acuity was R.E.: 20/40 
and L.E.: light perception. A scotoma was 
noted superotemporal to fixation when the pa- 
tient viewed an Amsler grid, but no defect 
could be detected on a tangent screen in the 
right eye. There was a left afferent pupillary 
defect. The right disk was edematous and the 
left was atrophic. His erythrocyte sedimenta- 
tion rate was 11 mm/hour and temporal artery 
biopsy yielded normal tissue. 

Over the next two weeks there was progres- 
sive loss of the superior portion of the visual 
field of the right eye. Reexamination showed no 
change in visual acuity, but there was a dense, 
extensive upper altitudinal field defect in the 
right eye. No change has occurred in the subse- 
quent three years. 


Case 7 

A 55-year-old healthy man was examined by 
his ophthalmologist on April 9, 1977, because 
the inferior field of his right eye had been 
blurred for two weeks. Visual acuity was R.E.: 
20/20—2 and L.E.: 20/20. There was a partial 
inferior altitudinal field defect of variable den- 
sity in the right eye. The right disk was swol- 
len, with peripapillary hemorrhages. His 
erythrocyte sedimentation rate was 4 mm/hour 
and a computed tomographic scan of the head 





Fig. 4 (Borchert and Lessell). Case 5, left eye. Left, Amsler grid pattern defining area of “grayness” at time of 
initial examination. Right, Amsler grid pattern seven months later demonstrating progression of area of 


grayness. 
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and orbits with contrast injection showed no 
abnormalities. 

Thereafter, he suffered further progressive 
loss of vision in his right eye. By April 14, 1977, 
visual acuity had decreased to 20/100. Two 
weeks later, it was counting fingers at 2 feet. 
He was left with optic atrophy and a central 
scotoma, although visual acuity improved to 
13/200 after several weeks. 


Case 8 

On Feb. 11, 1986, a healthy 65-year-old 
woman suddenly noticed a “film” over the 
lower part of the visual field of her right eye. 
There were no symptoms of giant cell arteritis. 
Examination two days later disclosed a visual 
acuity of 20/20 in each eye and no pupillary 
abnormality. The upper half of the right disk 
was edematous. Thereafter, the patient noticed 
further decline in vision. On March 3, 1986, her 
visual acuity had decreased to R.E.: 20/400 and 
L.E.: 20/50. There was marked edema of the 
right disk, but the left disk appeared normal. 
Her erythrocyte sedimentation rate was 39 mm/ 
hour, results of a complete blood cell count 
were normal, and a temporal artery biopsy 
showed only arteriosclerosis. She was treated 
with 60 mg of prednisone daily for one month, 
but vision continued to decline in the left eye. 

On March 11, 1986, visual acuity in the left 
eye was 20/70 and both disks were edematous. 
Results of spinal fluid examination and com- 
puted tomographic scan of the head and orbits 
with contrast injection were normal. On April 
2, 1986, visual acuity in the left eye was 20/100, 
and bilateral dyschromatopsia and inferior alti- 
tudinal visual field defects were noted. The 
right disk was atrophic and the left disk was 
slightly swollen except for a zone of atrophy 
superiorly. 


Case 9 

On March 12, 1981, a 61-year-old man whose 
medical history had been notable only for a 
right acoustic neuroma noticed a “‘film’’ over 
the lower half of the field of his left eye. He 
immediately consulted an ophthalmologist 
who found that his visual acuity was R.E.: 20/30 
and L.E.: 20/40. The left disk was swollen. 
Fluorescein angiography showed only the disk 
swelling. Results of orbital ultrasound were 
normal. 

He was then well until April 19, 1981, when 
he lost more of his visual field over a period of 
several hours. Reexamination two days later 
showed that his visual acuity was R.E.: 20/30 


and L.E.: 20/200. The left eye had dyschroma- 
topsia, an afferent pupillary defect, and an 
inferior altitudinal visual field defect. His left 
disk was more swollen than it was five weeks 
before and peripapillary hemorrhages were 
present. 

His erythrocyte sedimentation rate was 
27 mm/hour. A computed tomographic scan of 
the head and orbits with contrast injection 
showed only changes related to his resected 
acoustic neuroma. The patient’s visual function 
remained unchanged for the next six months, 
but optic atrophy supervened in the left eye. 


Case 10 

In 1977, a 70-year-old man with treated hy- 
pertension sustained sudden, painless, perma- 
nent loss of vision in his left eye. Other details 
of that illness are unavailable. He was other- 
wise well until June 7, 1987, when vision in his 
right eye suddenly blurred. His ophthalmolo- 
gist recorded a visual acuity of R.E.: 8/200 and 
L.E.: light perception. There was an inferior 
altitudinal visual field defect involving fixation. 
The right disk was edematous without hemor- 
rhages and the retinal vessels were attenuated. 
The left disk was atrophic and there was a hole 
in the macula. He had no symptoms of giant 
cell arteritis, but his erythrocyte sedimentation 
rate was 42 mm/hour. Biopsy of his temporal 
artery showed normal tissue. Results of a com- 
plete blood cell count, serologic test for syphi- 
lis, serum protein electrophoresis, computed 
tomographic scan of his head and orbits with 
contrast injection, and noninvasive carotid 
tests were normal. After a two-week regimen of 
high-dose oral prednisone, his vision improved 
slightly, stabilizing at 20/100 in the right eye. 
However, on Feb. 7, 1988, he suddenly suffered 
further loss of vision in his right eye. At that 
time visual acuity was barely counting fingers 
in the superotemporal portion of his field and 
there was new disk edema inferiorly. His 
erythrocyte sedimentation rate was 25 mm/ 
hour and he had no systemic symptoms. The 
patient declined treatment or additional exami- 
nation. 





Discussion 





Nine patients had either a recurrence in the 
same eye after a long interval (four patients) or 
progression over a month or longer in one eye 
(five patients). The tenth patient, a man with 
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bilateral progression, also suffered a recurrence 
in one eye. While the recurrence or progression 
was often limited to further field loss, five eyes 
suffered reduction in Snellen acuity. 

In each instance, the diagnosis of anterior 
ischemic optic neuropathy appears to have 
been appropriate. Although there is no means 
of proving the diagnosis, the setting (a middle 
aged or elderly patient), mode of onset (sudden 
loss of visual acuity or field), presence of disk 
edema, failure to recover, and lack of evidence 
of an alternative diagnosis on laboratory tests 
or follow-up make any other diagnosis unlike- 
ly. None of the patients had symptoms of giant 
cell arteritis. Temporal artery biopsies showed 
no evidence of arteritis in six of the patients. 
The other four patients who did not undergo 
biopsy had normal erythrocyte sedimentation 
rates. While a normal erythrocyte sedimenta- 
tion rate does not rule out giant cell arteritis, it 
makes the diagnosis unlikely. Of the four pa- 
tients, one was only 50 years old and he re- 
tained a visual acuity of 20/50 without cortico- 
steroid treatment. The other three patients, 
who were also untreated, did not develop ante- 
rior ischemic optic neuropathy in the second 
eye. This provides further evidence against an 
arteritic origin. 

Many ophthalmologists reassure their pa- 
tients with idiopathic anterior ischemic optic 
neuropathy that there is little or no risk of 
progression in the same eye. Indeed, there are 
remarkably few reports of recurrence. Beck and 
associates’ described four cases of recurrent 
anterior ischemic optic neuropathy in the same 
eye, three of which recurred within three 
weeks. The other recurred after 45 months. 
Three of 83 patients with idiopathic anterior 
ischemic optic neuropathy followed up for a 
mean of five years by Repka and colleagues? 
demonstrated evidence of recurrence in the 
same eye manifested by further visual field 
loss. Ellenberger, Keltner, and Burde’ noted 
recurrence in both eyes of one patient, but the 
intervals between the initial attacks and recur- 
rences were not reported. Two other cases have 
been described with recurrent attacks of ante- 
rior ischemic optic neuropathy after intervals 
of two and three years.** 

Based on the number of previous reports, 
prolonged progression seems rarer than recur- 
rence of anterior ischemic optic neuropathy. 
Boghen and Glaser’ found evidence of progres- 
sion for up to four weeks in 11 of 39 patients 
with nonarteritic anterior ischemic optic neu- 
ropathy in whom information on time course 


was available. Most of these cases were said to 
have occurred within nine days. Knox and 
Duke’ described the pathologic findings in a 
patient with slow progression of visual loss but 
did not provide complete clinical information. 
Since progressive anterior ischemic optic neu- 
ropathy appears to be rare, the diagnosis 
should be reserved for those patients in whom 
other causes of progressive optic neuropathy 
have been ruled out. 

The pathogenesis of arteritic anterior ische- 
mic optic neuropathy is generally accepted as 
the result of occlusion of the posterior ciliary 
arteries. The pathogenesis of the nonarteritic 
variety has not been as firmly established, but a 
posterior ciliary vaso-occlusive process is pos- 
tulated as the initial event. This is supported 
by the finding that nonarteritic anterior ische- 
mic optic neuropathy tends to occur in the age 
group most susceptible to the manifestations of 
atherosclerotic vascular disease, and fluoresce- 
in angiography has shown delayed perfusion 
of the peripapillary choroid in this disease.*? 
Several studies have implicated the structure of 
the disk in the pathogenesis, establishing the 
association of a small optic cup with non- 
arteritic anterior ischemic optic neuropa- 
thy. 

It has been suggested that crowding of the 
nerve fibers in the scleral canal predisposes 
certain optic disks to anterior ischemic optic 
neuropathy by allowing swollen axons to fur- 
ther compromise blood flow in the capillaries of 
the nerve head.” Thus, what would have been 
a subclinical event of minimal axonal swelling 
from occlusion of one or more posterior ciliary 
artery branches becomes instead a symptomat- 
ic episode of massive ischemia of the disk. This 
event is apoplectic in nature because the ische- 
mia from progressive axonal swelling must 
reach a critical level to become clinically detect- 
able, or even noticeable, by the patient. That 
disk edema is sometimes noted before the loss 
of vision, as in Case 4, argues for this theory.® 
Although it has been assumed that the ische- 
mia and functional loss stop abruptly, our 
cases indicate that they may not. An astute 
patient, or a monocular patient, may notice 
progression of field loss over days to months. 
Six of our patients were essentially monocular 
when they developed progressive or recurrent 
anterior ischemic optic neuropathy. Physicians 
may overlook this progression as attention is 
turned to the better eye in what is widely 
viewed as a completed ischemic event. 

Beck and associates? suggested that recur- 
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rences of anterior ischemic optic neuropathy in 
the same eye may be uncommon because the 
blood supply from the infarcted area of the disk 
may be shunted to the remainder of the disk to 
provide protection. Quantitation of vessels and 
blood flow in experimental optic atrophy does 
not support this theory."*” Perhaps relief of the 
crowding in the prelaminar or intralaminar por- 
tion of the optic nerve from atrophy of the 
infarcted axons may account for this phenome- 
non. If this were the case, patients with relative 
sparing of axons from the initial event would be 
the most susceptible to recurrent attacks. Slow 
progression or recurrences of anterior ischemic 
optic neuropathy could continue until suffi- 
cient axons were lost to relieve the crowding. 
Our cases support this theory in that all pa- 
tients had relatively spared visual acuity and 
fields at the time of their progression or recur- 
rence. In the series reported by Beck and asso- 
ciates,* the worst visual acuity was 20/40 before 
the recurrent episode. The visual loss before 
recurrence in other reports cannot be deter- 
mined. 

We suspect that the incidence of recurrence 
and progression of anterior ischemic optic neu- 
ropathy in the same eye may be higher than is 
generally appreciated. Prospective evaluation 
of patients with this problem, including serial 
visual acuity and visual field measurements, 
may prove this to be the case and lead to a 
better understanding of the pathogenesis of 
this disease. 
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The Management of Optic Nerve Sheath Meningiomas 


John S. Kennerdell, M.D., Joseph C. Maroon, M.D., Mark Malton, M.D., 
and Floyd A. Warren, M.D. 


Thirty-eight patients (39 eyes) with optic 
nerve sheath meningiomas were entered into a 
treatment plan and were followed up for at 
least three years. Eighteen eyes were simply 
observed because they had minimal functional 
deficit or the eye was blind. Radiation was 
used on six eyes with documented progressive 
visual loss that still had useful vision. Surgery 
was initially used in an attempt to remove 
optic nerve sheath meningiomas but was aban- 
donded except in exceptional cases. Total sur- 
gical removal of the tumor was carried out in 
ten eyes with loss of vision and in which the 
meningioma was growing. Surgery for subto- 
tal or complete removal of the tumor followed 
by radiation was carried out in five eyes exhib- 
iting aggressive growth of the tumor. This 
treatment plan has helped us to treat patients 
with optic nerve sheath meningiomas in an 
orderly way. 


THE ORBITAL OPTIC NERVE sheath meningio- 
ma is difficult to manage because of its location 
and unpredictable biologic activity.'? Recently, 
increased awareness and newer imaging tech- 
niques*® have made earlier diagnosis possible. 
Treatment of these meningiomas varies consid- 
erably and includes simple observation, radia- 
tion therapy, surgical excision of the tumor, 
surgical excision of the tumor and optic nerve, 
and surgical excision of the tumor followed by 
radiation therapy. ”” Treatment must be indi- 
vidualized, but guidelines are helpful in the 
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management of these tumors. Over a 12-year 
period we developed a set of treatment guide- 
lines. Herein we discuss our observations in 38 
patients with meningiomas of the optic nerve, 
all of whom have been followed up for at least 
three years. 


Patients and Methods 


We examined 38 patients with optic nerve 
sheath meningiomas (39 nerves). All patients 
were examined at either the Eye and Ear Hos- 
pital of Pittsburgh or Allegheny General 
Hospital. 

The diagnosis of optic nerve meningioma 
was confirmed by biopsy in 15 cases and by fine 
needle aspiration biopsy in four cases. In the 
patient with bilateral meningiomas, a biopsy 
was performed on the more affected nerve 
only. In 19 cases,*° diagnosis was based on the 
clinical findings and the characteristic comput- 
ed tomographic appearance. Cases in which 
the diagnosis was uncertain were excluded. 

Since no consistent criteria for management 
were available, we developed a prospective 
approach based on tumor location, size, and 
biologic activity. These variables were moni- 
tored by functional evaluation and by comput- 
ed tomography or magnetic resonance imag- 
ing. The therapeutic choice was also based on 
the wishes of the informed patient. 

Treatment included simple observation in pa- 
tients with optic nerve meningiomas believed 
to be confined to the orbit that were causing 
minimal or no functional deficit. Radiation 
therapy of 5,000 to 5,500 rad was offered to 
patients with tumors considered to be confined 
to the optic nerve in the orbit when functional 
deficit was apparent and progressive (visual 
acuity of 20/40 or worse) with contracting visual 
fields. Simple observation or complete removal 
of the optic nerve and tumor was offered to 
patients with no useful visual function. In the 
most severely affected patients, extensive re- 
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moval of the intracranial extension of the tumor 
and the involved optic nerve if visual function 
was poor followed by radiation was recom- 
mended. 


Results 


Observation 

Eighteen patients were followed up by obser- 
vation alone for a period of three to 13 years 
(Table 1). Nine patients had an initial visual 
acuity of 20/50 or worse. Seven of these patients 
had severe, long-standing, partial or complete 
visual loss. At the initial examination, only two 


had a visual acuity of better than 20/100 (Pa- 
tients 9 and 12), and both had declined radia- 
tion therapy and requested observation. Pa- 
tient 12 had a visual acuity of 20/50 despite a 
severe superior visual field defect; visual acuity 
subsequently decreased to counting fingers at 6 
feet, with minimal change in visual field. 

The remaining nine patients observed had an 
initial visual acuity of 20/40 or better, with 
variable color vision and visual field loss, none 
of which was severe. However, none of these 
patients maintained this level of visual acuity 
for longer than five years. Five patients have 
been followed up for less than five years, and 
four patients refused the recommended radia- 
tion therapy when their visual acuity began to 


TABLE 1 
PATIENTS WHO WERE FOLLOWED UP BY OBSERVATION ALONE* 





INITIAL EXAMINATION MOST RECENT EXAMINATION 
PATIENT NO., - LENGTH OF 
AGE (yrs), VISUAL COLOR VISUAL VISUAL COLOR VISUAL FOLLOW-UP 
SEX ACUITY VISIONT FIELD ACUITY VISIONT FIELD (yrs) 
1, 35, F 20/200 0/12 Inferior arcuate NLP — — 4 
defect 
2, 50, M 20/25 7/12 Increased blind CF at 0/12 Cecocentral scotoma 11 
spot 1ft 
3, 53, F HM — Inferior island HM — Inferior island 6 
4, 92, F CF at — Inferior island LP — — 4 
1ft 
5, 53, F HM — Temporal island NLP — — 6 
6, 68, F 20/30 1/12 Paracentral 20/40 0/8 Unchanged 3 
scotoma 
7, 49, F LP — Temporal and NLP — — 5 
nasal islands 
8, 73, F HM — Central scotoma LP — Inferior island 5 
with breakout 
9, 36, F 20/50 012 Constricted NLP — — 11 
10, 71, F 20/30 12/12 Inferior temporal 20/40 0/12 Larger temporal scotoma 4 
scotoma 
11,51, F 20/20 9/12 Increased blind NLP — — 4 
spot 
12, 28, F 20/50 0/12 Superior altitudinal CF at — Superior altitudinal defect 6 
defect 6ft with central scotoma 
13, 49, F 20/20 12/12 Full 20/20 12/12 Increased blind spot 3 
14, 43, F 20/20 NR Full 20/20 12/12 Full 4 
15, 62, F 20/20 NR Mild constriction HM 0/12 Temporal island 13 
16, 73, F 20/40 9/12 Cecocentral scotoma 20/40 8/12 Unchanged 5 
17, 58, F 20/30 NR Full LP — — 11 
18, 70, F? CF at 0/12 Superior island CF at 0/10 Superior island 6 


3 ft 3 ft 





*CF, counting fingers; HM, hand motions; LP, light perception; NLP, no light perception; NR, not recorded. 
‘Tested using Ishihara color plates. 
‘Patient had bilateral optic nerve sheath meningiomas: one eye was observed and the other was radiated (see Table 2). 
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decline. However, in the four patients whose 
visual acuity deteriorated, there has been no 
evidence of enlargement or intracranial exten- 
sion of the optic nerve sheath tumors on com- 
puted tomography or magnetic resonance im- 


aging. 


Radiation Therapy 

Six patients with optic nerve sheath meningi- 
omas confined to the orbit underwent radiation 
therapy, receiving approximately 5,500 rad 
over 28 to 32 treatments” (Table 2). All 
subjects had progressive visual field loss or 
decreasing visual acuity before radiation thera- 
py and improved visual acuity and visual fields 
after therapy. Two had improved color vision. 
The improved visual function has been main- 
tained for 30 to 84 months. No patients have 
shown decreased visual function or tumor 
growth on computed tomography. In no case 
did the tumor shrink markedly after radiation 
as seen on computed tomography or magnetic 
resonance imaging. The only complication 
noted was a transient dry eye in one patient. 


Case report—A 43-year-old woman com- 
plained of blurred vision in the left eye for six 
months. Visual acuity was R.E.: 20/20 and L.E.: 
20/25. She identified three of 12 Ishihara color 
plates with the left eye and all of the plates with 
her right eye. There was a 2+ left afferent 
pupillary defect. Her left visual field showed a 
cecocentral scotoma. Ophthalmoscopy demon- 
strated florid disk edema in the left eye. Com- 
puted tomography showed marked thickening 
of the optic nerve posteriorly, with minimal 
calcification peripherally, which was believed 
to be characteristic of an optic nerve sheath 
meningioma.**"® 

After 18 months of follow-up, visual acuity in 
the left eye had decreased to 20/40, she could 
not distinguish any of the Ishihara color plates, 
and contraction of the visual field was noted. 
She underwent radiation therapy of 5,500 rad 
over 30 treatments. One month after treatment, 
visual acuity in the left eye was 20/30, with an 
improved visual field. Two years after treat- 
ment, visual acuity had improved to 20/20, with 
improvement of color vision and a full visual 
field. 


TABLE 2 
PATIENTS WHO UNDERWENT RADIATION THERAPY 


BEFORE THERAPY MOST RECENT EXAMINATION LENGTH 
PATIENT OF 
NO., AGE VISUAL COLOR VISUAL VISUAL COLOR VISUAL DOSE FOLLOW-UP 
(yrs), SEX  ACUITY* VISIONÝ FIELD ACUITY  VISIONT FIELD (RAD) COMPLICATIONS (YRS) 
1, 60, F 20/100 0/8 Cecocentral 20/20 8/8 Full 5,490 None 5 
scotoma 
2, 49, F 20/40 1/8 Cecocentral 20/20 1/8 Smaller ceco- 5,500 None 7 
scotoma central 
scotoma 
3, 56, F 20/60 4/8 Cecocentral 20/25 8/8 Less dense 5,400 None 7 
scotoma cecocentral 
scotoma 
4,70,F* 20/70 0/8 Superior and inferior 20/25 0/8 Less dense 5,400 None 3 
arcuate arcuate 
defects defects 
5,59,M CFat 0/8 Nasal island 20/60+ 0/12 Enlargement 5,400 None 6 
2ft of island 
temporally 
with central 
scotoma 
6,81,M 20/60 0/8 Cecocentral 20/60+ 0/12 Unchanged 5,400 None 6 
scotoma 


“CF, counting fingers. 
‘Tested using Ishihara color plates. 


*Patient had bilateral optic nerve sheath meningiomas: only the right eye was treated with radiation. 
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TABLE 3 
PATIENTS WHO UNDERWENT SURGERY ONLY* 


oe 
PREOPERATIVE EXAMINATION POSTOPERATIVE EXAMINATION 


PATIENT NO., FINAL 
AGE (yrs), VISUAL COLOR VISUAL VISUAL COLOR VISUAL DURATION OF VISUAL 
SEX ACUITY VISION FIELD ACUITY VISION FIELD COMPLICATIONS RELIEF = ACUITY 
1,59, F! CFat1ft 0/12 Central scotoma 20/20 8/8 Full None 10 yrs 20/20 
with inferior 
nasal breakout 
2,49, F* 20/400 0/8 Generalized CF at3ft 0/8 Unchanged Partial central 6 yrs NLP 
constriction retinal artery 
occlusion 
3,55,M 20/30 0/8 Constriction with 20/25 3/8 Less constric- None 2 yrs NLP 
inferior scotoma tion 
4,60,F 20/15 12/12 Dense inferior 1) 20/60 0/8 Inferior nasal None 1 yr 20/60 
nasal scotoma defect with 
constriction 
2) HM 0/8 Further con- None — HM 
striction 
5,50,M 20/70 12/12 Generalized NLP — — Central retinal — NLP 
constriction artery occlusion 
6,60, F 20/50 NR Cecocentral NLP — = Central retinal — NLP 
scotoma artery occlusion 
7,72,F 20/30 8/8 Constriction NLP — — Optic nerve intentionally — NLP 
excised with tumor 
8, 84,M LP — — NLP — -— Optic nerve intentionally — NLP 
excised with tumor 
9,74,M NLP — — NLP — — Optic nerve intentionally — NLP 
excised with tumor 
10, 52, F? NLP — — NLP — — Optic nerve intentionally — NLP 


excised with tumor 


a U a ee E A S E E ei 
*CF, counting fingers; HM, hand motions; LP, light perception; NLP, no light perception; NR, not recorded; color vision tested using 


Ishihara color plates. 
‘Patient previously reported (Reference 14). 


‘Patient suffered an intracranial recurrence five years postoperatively. 


ŝPatient had an optic nerve meningioma with intracranial extension; visual acuity in the fellow eye was 20/20, with a temporal visual field 


defect. 


Surgery 

After an initial success with removal of an 
unusual meningioma of the optic nerve,’ we 
attempted subtotal resection of the optic nerve 
sheath meningiomas in six other patients in- 
cluded in this study (Table 3). One patient had 
a temporary improvement in visual acuity, 
which eventually decreased to no light percep- 
tion. Another patient maintained a visual acu- 
ity of counting fingers at 3 feet for five years, 
after which time a sudden decline in visual 
acuity and a large intracranial recurrence ne- 
cessitated a subtotal resection using a fronto- 
orbital craniotomy approach followed by radia- 


tion therapy. A third patient had two 
intracranial meningiomas in addition to the 
optic nerve sheath meningioma. At surgery to 
remove the intracranial tumors, the canal was 
decompressed and the sheath tumor was par- 
tially excised, which caused a moderate visual 
loss. Visual acuity continued to decrease post- 
operatively. The patient then underwent a lat- 
eral orbitotomy for additional tumor excision, 
which led to further visual decrease. At last 
examination, visual acuity was hand motions. 
There was no evidence of tumor enlargement 
on computed tomography. Two patients suf- 
fered central retinal artery occlusions at the 
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TABLE 4 
PATIENTS WHO UNDERWENT BOTH SURGERY AND RADIATION* 


_— CC ee ee eee eee eee 


BEFORE SURGERY AFTER SURGERY 
PATIENT NO., 
AGE (yrs), VISUAL COLOR VISUAL VISUAL COLOR VISUAL DURATION OF 
SEX ACUITY VISIONT FIELD ACUITY VISIONT FIELD IMPROVEMENT COMPLICATIONS 
1, 54, F 20/40 1/12 Constriction 20/25 0/12 Unchanged 2 mos None 
with central 
scotoma 
2, 69, M 20/40 12/12 Constriction 20/25 12/12 Improved 3 mos Diplopia which 
with inferior resolved 
nasal scotoma 
3, 69, F 20/25 10/12 Enlarged blind 20/25 12/12 Improved 1 yr None 
spot, arcuate 
defect 
4, 52, F 20/30 10/12 Mild generalized 20/30 12/12 Unchanged 7 yrs None 
constriction 
5, 73, Mt NLP — — NLP — — 20 yrs Intracranial 
and sinus 
spread 


—— eee aaaaIÃĀe 


*NLP, no light perception. 
‘Tested using Ishihara color plates. 


‘Fellow eye has maintained a visual acuity of 20/30, with marked color deficit and superotemporal field defects caused by intracranial 


spread. 


time of surgery and lost all vision. The sixth 
patient underwent an unroofing procedure; 
however, the tumor was adherent to the canal, 
necessitating excision of the nerve with the 
tumor. Three other patients with large midorbi- 
tal optic nerve meningiomas and a visual acuity 
of light perception or no light perception un- 
derwent excision of the tumor and optic nerve 
through a lateral orbitotomy. 

Case report—A 43-year-old man complained 
of progressive visual loss in the right eye, with 
swelling of the upper eyelid. Visual acuity was 
20/40 in the right eye, with 11 of 12 Ishihara 
color plates correctly identified, a 1+ afferent 
pupillary defect, and visual fields showing con- 
striction of all isopters. There was a mild limita- 
tion of movement in all fields of gaze and 3 mm 
of right proptosis. Computed tomography 
demonstrated an enlarged right optic nerve 
without obvious intracanalicular extension. 
Over the next 2⁄2 years, visual acuity in the 
right eye decreased to 20/70, with constriction 
of the visual field. The patient underwent a 
lateral orbitotomy for subtotal excision of the 
nerve sheath meningioma; during surgery he 
suffered a central retinal artery occlusion, and 
final visual acuity was no light perception. He 
is currently under observation only, and there 


has been no evidence of enlargement of the 
tumor three years after surgery. 


Combined Surgery and Radiation 

Three patients underwent surgery with sub- 
total excision followed by radiation therapy 
(Table 4). In two of these patients,?* visual 
acuity and color vision have been stable, with 
improved or stable visual fields for six and nine 
years. The third patient underwent an orbital 
unroofing with partial excision of the meningi- 
oma. Because it was known at surgery that 
significant tumor remained, the patient under- 
went irradiation two months postoperatively, 
even though visual acuity was stable. Over an 
eight-year period, radiologic findings have re- 
mained stable but visual acuity has decreased 
from 20/100 to 20/800. 

Two other patients*® underwent subtotal sur- 
gical excision of an optic nerve sheath meningi- 
oma not followed by radiation initially. In one 
patient, with a visual acuity of no light percep- 
tion because of an apical tumor, the orbital 
apex with optic nerve was removed via a crani- 
otomy. Twenty years later, intracranial and 
sinus spread were noted but she refused fur- 
ther surgery and was treated with radiation. 
After three years of follow-up, radiologic and 
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Table 4 (continued) 


BEFORE RADIATION 


VISUAL COLOR VISUAL VISUAL COLOR 


ACUITY VISION FIELD ACUITY VISIONT 

20/100 0/12 Constriction with 20/800 0/12 
central scotoma 

20/25 12/12 Mild increase in 20/25 0/8 
constriction 

20/40 0/12 Unchanged 20/40 0/8 

20/50 8/12 Unchanged 20/40 12/12 

NLP — — NLP — 


clinical findings are stable. The second patient 
had subtotal removal of an optic nerve sheath 
meningioma and maintained a visual acuity of 
20/30 for seven years, after which time visual 
acuity decreased to 20/50 with an increasing 
visual field defect. She then received 5,500 rad 
of radiation and has maintained a visual acuity 
of 20/50 and a stable visual field for six years. 
Case report—A 44-year-old woman was exam- 
ined for blurred vision in the right eye for four 
weeks. Visual acuity was 20/30 in the right eye, 
with eight of 12 Ishihara color plates correctly 
identified and a right afferent pupillary de- 
fect with a swollen right optic disk. In the right 
eye, visual fields demonstrated an enlarged 
blind spot with an arcuate defect. The left eye 
was normal. Computed tomography demon- 
strated a nonspecific thickening of the right 
optic nerve. The patient was treated with a trial 
of oral prednisone and visual acuity improved 
to 20/25. Over two months, the corticosteroids 
were tapered and visual acuity decreased to 
counting fingers at 3 feet with progressive visu- 
al field loss. After retreatment with predni- 
sone, visual acuity returned to 20/40, with no 
change in the visual field. The patient under- 
went a lateral orbitotomy with microsurgical 
subtotal (estimated 80%) excision of the optic 
nerve sheath meningioma. Postoperatively, the 
patient underwent radiation therapy consisting 
of 5,500 rad over 28 sessions. Visual acuity has 


AFTER RADIATION 


VISUAL NO. OF LENGTH OF 
FIELD RAD COMPLICATIONS FOLLOW-UP 
Constriction 6,000 None 8 yrs 
with central 
scotoma 
Improved 5,000 None 9 yrs 
Unchanged 5,500 None 6 yrs 
Unchanged 5,500 None 6 yrs 
— 5,500 None 3 yrs 


remained stable at 20/40, with stable visual 
fields for five years after surgery. 


Discussion 


The management of meningiomas of the 
optic nerve sheath is difficult because their 
biologic activity is unpredictable and the tumor 
tends to invade the surrounding tissues. 
Visual decline results from invasion of the optic 
nerve or more commonly from compressive 
optic neuropathy as the tumor expands within 
the dural sheath." Traditionally, treatment 
has consisted of observation until the eye is 
blind and then either observation is continued 
or the tumor is removed with the optic 
nerve.” It is possible to remove intrasheath 
meningiomas safely. We and others have suc- 
cessfully performed such a procedure, but the 
tumor tends to recur and the visual improve- 
ment, barring complications, is not worth the 
risk in our opinion. However, one of our pa- 
tients who underwent microsurgical removal of 
an intrasheath optic nerve meningioma with 
minimal preoperative visual loss maintained 
stable visual acuity for seven years before irra- 
diation was required because of visual decline. 

Many of our patients with optic nerve sheath 
meningiomas have been followed up for long 
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periods without evidence of intracranial exten- 
sion.” One woman developed acute esotropia 
and visual acuity decreased to hand motions; a 
diagnosis of optic nerve sheath meningioma 
had not been made initially on computed to- 
mography, but it was subsequently made by 
computed tomographic-guided fine needle as- 
piration biopsy. After ten years of follow-up 
with serial computed tomography, there has 
been no evidence of enlargement of the lesion. 
None of our patients, however, have main- 
tained a visual acuity of 20/50 or better for more 
than four years without either radiotherapeutic 
or surgical intervention. 

At this time, we do not consider tissue diag- 
nosis to be necessary before proceeding with 
external beam irradiation, provided that com- 
puted tomographic and magnetic resonance 
imaging findings are characteristic of optic 
nerve meningioma.’ Some of our patients 
were irradiated after partial surgical resection 
and thus had a proven pathologic diagnosis of 
meningioma. Of the six patients who were 
treated primarily with radiation therapy, how- 
ever, orbital fine needle biopsy was performed 
on only one patient with bilateral tumors. The 
other five patients had classic clinical findings 
of optic nerve sheath meningioma and charac- 
teristics of this tumor on computed tomogra- 
phy and magnetic resonance imaging. 

All six patients treated with irradiation alone 
demonstrated improved visual acuity or visual 
fields, or both, for three to seven years. Fur- 
thermore, all four patients who initially ob- 
tained good results following partial microsur- 
gical resection of their tumors but subsequently 
received supplementary radiation because of 
visual decline maintained stable visual acuity 
postirradiation for five to eight years. These 
results compare favorably with those in pa- 
tients followed up with observation alone or 
treated surgically. 

There is no optimum way to manage optic 
nerve sheath meningiomas. Although radia- 
tion therapy for meningiomas has been consid- 
ered of little value because of the relative insen- 
sitivity of meningiomas to irradiation,” some 
authors have advocated radiation therapy as 
primary management of optic nerve sheath 
tumors as well as adjuvant therapy for incom- 
pletely resected intracranial tumors.” We 
advise observation of those patients with optic 
nerve sheath meningiomas who have good vis- 
ual acuity at six-month intervals and to obtain 
yearly computed tomographic or magnetic res- 
onance imaging scans. If visual acuity is pro- 
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gressively lost below the level of 20/40, or the 
visual field is constricting, the patient should 
be offered radiation therapy of approximately 
5,500 rad for preservation of function. If the 
eye is totally blind and the meningioma is 
confined to the orbit, the patient should be 
observed. If the meningioma is large and mark- 
edly displacing the globe or continuing intra- 
cranially, a total excision of the meningioma 
with the optic nerve should be attempted.” 
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OPHTHALMIC MINIATURE 
“Suppose your part calls for looking over to the horizon on the ocean, 
where the sail of a vessel is still visible. Do you remember how your eyes 
will be focussed to see it? They will be looking in almost parallel lines. To 
get them into that position, when you are standing on the stage, you must 
mentally remove the wall at the far end of the auditorium and find, far 


beyond it, an imaginary point on which you can fix your attention... . 


r 


Constantin Stanislavski, An Actor Prepares 
New York, Theatre Arts Books, 1981, p. 85 





Source of the Conjunctival Bacterial Flora at Birth and 


Implications for Ophthalmia Neonatorum Prophylaxis 





Sherwin J. Isenberg, M.D., Leonard Apt, M.D., Robert Yoshimori, Ph.D., 
Jillanne Ward McCarty, M.D., and Sarah R. Alvarez, R.N. 


To understand better the source of conjuncti- 
val bacteria in neonates, we studied 106 in- 
fants immediately after birth before any eye- 
drops were applied. The 50 infants delivered 
by cesarean section had significantly fewer 
species (0.50 + 0.85 vs 1.84 + 1.33) and colony 
forming units (272 + 1,019 vs 1,790 + 3,779) 
cultured per subject than the 56 infants deliv- 
ered vaginally. In infants delivered by cesare- 
an section within three hours of membrane 
rupture, 24 of 30 (80%) of the conjunctival 
cultures were sterile, while the rest bore a few 
cutaneous bacteria (0.23 + 0.50 species and 2 + 
9 colony forming units per subject). The con- 
junctivae of infants delivered vaginally bore 
significantly more bacteria characteristic of 
vaginal flora: microaerophilic as Lactobacillus 
or truly anaerobic as Bifidobacterium. Neo- 
nates delivered by cesarean section more than 
three hours after membrane rupture showed a 
bacteriologic flora mixture quantitatively and 
qualitatively midway between those two 
groups. Infants delivered by cesarean section 
within three hours of membrane rupture may 
not need prophylactic eyedrops because of the 
type and scarcity of conjunctival bacteria. 


OPHTHALMIA NEONATORUM, a potentially 
blinding disorder, is currently a public health 
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concern.’ Topical silver nitrate has been used to 
prevent gonococcal conjunctivitis since 1881, 
and other agents such as erythromycin and 
tetracycline have also been used for prophylax- 
is against neonatal conjunctivitis. Before cur- 
rent or future prophylactic agents are studied, 
a knowledge of the normal ocular flora at birth 
would be useful in interpreting culture results 
from suspected cases of ophthalmia neonato- 
rum soon after delivery. 

A previous study of normal conjunctival flora 
in older children found a greater frequency of 
Streptococcus and a lesser frequency of anaero- 
bic bacteria compared with an adult popula- 
tion.” Reeder, Westwell, and Hutchinson? ex- 
amined the conjunctival flora of infants 
between 3 and 5 days of age using aerobic and 
short incubation anaerobic techniques (less 
than 48 hours). More than 98% of their cultures 
showed staphylococci, streptococci, or Branha- 
mella catarrhalis. However, we were concerned 
that the conjunctival flora may be different at 
the moment of birth. Brook and associates‘ 
compared neonatal conjunctival cultures with 
maternal cervical cultures and found no signifi- 
cant correlation. In 1986, Isenberg and associ- 
ates® found that in infants delivered vaginally 
the dominant conjunctival bacteria at birth 
were microaerophilic (mainly Lactobacillus spe- 
cies and diphtheroids). In this study, the true 
anaerobic bacteria outnumbered the aerobes in 
both numbers of species and colony forming 
units. 

To investigate the source of these bacteria, 
whether the same bacteria are found if infants 
are delivered by cesarean section, and the im- 
plications for prophylaxis and possible devel- 
opment of ophthalmia neonatorum, we com- 
pared the conjunctival flora immediately after 
birth between infants born by cesarean section 
and those born by vaginal delivery before any 
topical agent was placed in the eye. 
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Material and Methods 


Before delivery, each mother signed an in- 
formed consent form in accordance with the 
Human Subjects Protection Committee of the 
Harbor/UCLA Medical Center. Before any pro- 
phylactic chemical agents or fluids were ap- 
plied to the eyes, 106 infants underwent bacter- 
ial culture of the conjunctiva of one eye. Most 
cultures were obtained within 15 minutes of 
birth; however, an occasional newborn eye was 
cultured between 15 and 25 minutes after deliv- 
ery. Babies were excluded from the study if 
there was a history of amnionitis, birth in a 
nonsterile environment, or an obvious ocular 
abnormality. Each case was reviewed for the 
following information: method of delivery, 
gestational age, interval between rupture of 
membranes and delivery, duration of fetal 
monitoring, problems associated with the de- 
livery, and sex of the infant. 

To obtain the specimen, a sterile anaerobic 
transport swab was applied to the inferior con- 
junctival fornix of one randomly chosen eye of 
each infant. Each culture swab was washed 
three times in 0.5 ml of Schaedler’s broth, 
manually vortexed repeatedly after being 
pressed along the sides of the tube, and cul- 
tured in 10 ml of Schaedler’s broth. Blood and 
chocolate agar plates were inoculated with 0.1 
ml of eluant, which was spread on the surface 
of the agar with a glass rod. The blood agar 
plates, which contained brain-heart infusion 
agar base, 5% sheep blood supplemented with 
vitamin K, and Filde’s enrichment, were incu- 
bated for at least seven days at 35 C in an 
anaerobic jar with a gas mixture of 80% nitro- 
gen, 10% carbon dioxide, and 10% hydrogen. 
Chocolate agar plates were incubated in 5% to 
10% carbon dioxide at 35 C for at least seven 
days. After incubation the colony forming units 
were differentiated and enumerated by stan- 
dard bacteriologic methods, including the Vir- 
ginia Polytechnical Institute technique for an- 
aerobic bacteria.® 


Results 


Of the 106 neonates, 52 boys and 54 girls, 56 
were delivered by normal spontaneous vaginal 
delivery and 50 by cesarean section (Table 1). 
There was a significant difference by t-test in 


TABLE 1 
COMPARISON OF METHODS OF DELIVERY 
(MEAN = S.D.) 





METHOD OF DELIVERY 


CESAREAN NORMAL 
SECTION VAGINAL ROUTE 
n=50 N=56 
Species per subject 0.50+0.85 1.84+1.33 
Colony forming units 272+1,019 1,790+3,779 
per subject 
Gestational age (wks) 39+6 41+5 
Membrane rupture (hrs) 10+15 8+8 
Fetal monitoring (hrs) 6+7 4+5 


the number of species and colony forming units 
cultured per subject for these two delivery 
methods (P < .001 and P < .01, respectively). 
Comparisons by gestational age, hours follow- 
ing membrane rupture, and duration of inter- 
nal monitoring were not significant. 

Additional significant relationships were 
found by t-test when infants delivered by ce- 
sarean section were divided into two groups: 
those with membrane rupture some time be- 
fore delivery (ruptured group) and those with 
membrane rupture immediately before deliv- 
ery (intact group). The ruptured group (20 
newborns) had a minimum interval of three 
hours between membrane rupture and delivery 
(mean + S.D., 20 + 16 hours). The intact group 
(30 neonates) had a significantly decreased 
number of species and colony forming units 
per subject compared with the ruptured group 
(P < .01 and P < .02, respectively) (Figure). The 
intact group also had a decreased number of 
species and colony forming units per subject 
compared with the vaginal delivery group (P < 
.001 and P < .02, respectively). The vaginal 
delivery group evidenced more species per 
subject than the ruptured group (P < .01). 

By correlation analysis, no significant rela- 
tionship (P > .05) existed between the duration 
of membrane rupture before delivery and ei- 
ther the number of species or colony forming 
units per subject. This held true for any of the 
three groups and in analysis of the entire group 
of infants born by cesarean section. 

Table 2 shows the breakdown by species of 
the number of colony forming units cultured 
per subject. Table 3 shows the number of posi- 
tive cultures per subject when analyzed by 
species. 
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Figure (Isenberg and associates). Mean number (+ S.D.) of colony forming units (left) and bacterial species 
(right) per subject on the eye of newborns delivered by different birth methods. 


The frequency of sterile cultures was signifi- 
cantly different among the three groups (Table 
4). Sterile conjunctival cultures were more fre- 
quent in cesarean section infants (33 of 50, 66%) 
than in vaginally delivered newborns (11 of 
56, 20%). By chi-square test, this difference was 
significant (P < .0001). Infants in the intact 
group also had a greater frequency of sterile 
cultures (24 of 30, 80%) than infants in the 
ruptured group (nine of 20, 45%). This dissimi- 
larity was also significant by chi-square test 
(P < .025). 


TABLE 2 
MEAN NUMBER OF COLONY FORMING UNITS PER 
SUBJECT ANALYZED BY SPECIES 





METHOD OF DELIVERY 


CESAREAN SECTION 
IMMEDIATE MEMBRANE NORMAL 
MEMBRANE RUPTURE VAGINAL 
GENUS RUPTURE AFTER 3 HRS ROUTE 
Corynebacterium 0.33 — 0.80 
Propionibacterium 2.0 = 83 
Diphtheroids 0.03 5.8 176 
S. epidermidis 0.10 22 82 
Bacteroides — 0.50 21 
Bifidobacterium — 257 499 
Lactobacillus — 27 718 
S. aureus — 225 0.80 
Peptococcus — 136 — 
Aerococcus — — 0.29 
Escherichia coli — — 207 





Discussion 


Obstetricians have cited the risk of neonatal 
infection as justification for performing a cesar- 
ean section if the mother has certain types of 
vaginitis, especially herpetic vaginitis.’ This 
concept assumes that infants acquire these in- 
fections during passage through the birth 
canal. 

Our data indicate a major qualitative differ- 
ence between the conjunctival bacterial flora of 


TABLE 3 
MEAN NUMBER OF POSITIVE CULTURES PER 
SUBJECT ANALYZED BY SPECIES 


METHOD OF DELIVERY 


CESAREAN SECTION 
IMMEDIATE MEMBRANE NORMAL 
MEMBRANE RUPTURE VAGINAL 
GENUS RUPTURE AFTER 3 HRS ROUTE 
Corynebacterium 0.03 — 0.05 
Propionibacterium 0.07 — 0.09 
Diphtheroids 0.03 0.25 0.18 
S. epidermidis 0.10 0.20 0.16 
Bacteroides — 0.05 0.16 
Bifidobacterium — 0.15 0.48 
Lactobacillus — 0.10 0.48 
S. aureus — 0.05 0.02 
Peptococcus — 0.10 — 
Aerococcus — — 0.02 
E. coli — — 0.16 
No growth 0.80 0.45 0.20 
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TABLE 4 
NUMBER OF STERILE CONJUNCTIVAL CULTURES 





METHOD OF DELIVERY 


CESAREAN SECTION 
IMMEDIATE MEMBRANE NORMAL 
MEMBRANE RUPTURE VAGINAL 
GROUP RUPTURE AFTER 3 HRS ROUTE 
Sterile 24 9 11 
Nonsterile 6 11 45 
Total 30 20 56 


babies born by cesarean section and those born 
by vaginal delivery (Tables 2 and 3). The bacter- 
ia found on the conjunctiva of infants in the 
intact group (Corynebacterium, Propionibacteri- 
um, diphtheroids, and Staphylococcus epidermid- 
is) were identical to normal skin flora, indicat- 
ing that the source of this flora was probably 
the skin of the mother, or possibly contamina- 
tion by the physician. The skin at birth in 
infants delivered by cesarean section is sterile, 
at least by aerobic culturing techniques.*® 

As found previously, the conjunctival bacter- 
ial flora of infants born by vaginal delivery 
reflects the bacteria of the vagina. The most 
common constituents of normal adult vaginal 
flora are lactobacilli, coryneforms, S. epidermid- 
is, and bifidobacteria.* The environment of the 
vagina limits the type of bacteria that can sur- 
vive there. Lactobacilli, for example, prolifer- 
ate in the vaginal tract because of increased 
epithelial glycogen, which is metabolized to 
glucose and then lactic acid by bacteria. Lactoba- 
cillus tolerates this lactic acid-rich environment 
better than most other bacteria. Estrogen stim- 
ulates this process as evidenced by the in- 
creased colonization by Lactobacillus during 
pregnancy. 

Analysis of the conjunctival bacteria of in- 
fants in the ruptured group indicates an assort- 
ment somewhat between the cutaneous flora of 
the newborns in the intact group and the large- 
ly anaerobic flora of the vaginally delivered 
neonates. This was true quantitatively and 
qualitatively. Thus, given an adequate oppor- 
tunity, bacteria from the vaginal tract will as- 
cend to the uterus and infect the baby through 
ruptured membranes. From our data, it ap- 
pears that it takes at least three hours for this 
ascent to occur. Indeed, all eyes in the intact 
group were either sterile (80%) or nearly so 
(mean of 2 colony forming units per eye). The 
insignificant correlation between duration of 


membrane rupture and number of species and 
colony forming units in the ruptured group 
babies indicates that beyond the three-hour 
interval it is not predictable which infants will 
have sterile conjunctivae and which will not. 

Our data regarding infants in the intact 
group raise the issue of prophylaxis for oph- 
thalmia neonatorum in infants delivered by 
cesarean section within three hours of mem- 
brane rupture. In one study of infants born by 
cesarean section who developed neonatal her- 
pes simplex infection, the shortest interval be- 
tween membrane rupture and delivery was 
three hours 20 minutes.” A recent study of 
neonatal conjunctivitis found that all 46 infants 
with chlamydial infection were born by vaginal 
delivery, while 39 of 54 infants with nonchla- 
mydial infections were born by this method.’ 
No information regarding the timing of mem- 
brane rupture was given. The surface fimbriae 
and outer membranes of gonococci permit at- 
tachment of the organism to host epithelial 
cells, host polymorphonuclear leukocytes, and 
other gonococci."' Thus, the gonococcus is not 
intrinsically motile, but following rupture of 
membranes would have to ascend to the uterus 
by passage along the surface epithelium. Such 
a journey would take time. If the conjunctiva of 
infants delivered by cesarean section within 
three hours of membrane rupture is either 
sterile or bears only a few insignificant skin 
bacteria as found in this study, prophylaxis 
against gonococcus and Chlamydia trachomatis, 
which are residents of the vaginal tract, may 
not be indicated. Currently, however, the 
American Academy of Pediatrics has suggested 
prophylaxis against gonococcal conjunctivitis 
in infants born by cesarean section, even 
though “the precise risk in gonococcal infec- 
tion in untreated infants born by cesarean sec- 
tion has not been determined.” A larger in- 
vestigation of the conjunctival flora at birth in 
infants born by cesarean section is warranted, 
especially in infants of mothers with suspected 
or untreated chlamydial or gonococcal vagini- 
tis. Such a study might spare these newborns 
the morbidity of prophylaxis, which includes 
chemical conjunctivitis, possible emergence of 
resistant organisms, and conceivable delayed 
bonding to the mother.” 
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OPHTHALMIC MINIATURE 
And if he is compelled to look straight at the light, will he not have a pain 
in his eyes which will make him turn away to take refuge in the objects of 
vision which he can see, and which he will conceive to be in reality clearer 
than the things which are now being shown to him? 


True, he said. 


Plato, “The Allegory of the Cave,” The Republic, Book VII 





Adequacy of the ELISA Test for Screening Corneal 


Transplant Donors 


Stephen M. Goode, M.D., Ellen Hertzmark, M.A., and Roger F. Steinert, M.D. 


Using a simple mathematical model, we cal- 
culated the risk for a patient undergoing pene- 
trating keratoplasty to receive a cornea from 
a human immunodeficiency virus-infected 
donor despite negative results on serologic 
testing of donor serum. This error in serologic 
testing occurred when false-negative results 
were obtained from the enzyme-linked immu- 
nosorbent assay used to screen donor corneas 
for human immunodeficiency virus exposure. 
The average risk of transplanting an infected 
cornea was low, 0.03%, but increased by a 
factor of ten when donor tissue from donors at 
high risk for AIDS was used. Current screen- 
ing procedures are probably adequate to pre- 
vent transmission of human immunodeficien- 
cy virus, but increased vigilance for high-risk 
donor populations may be appropriate. 


APPROXIMATELY 25,000 corneal transplants 
are performed each year in the United States. 
The risk of transplanting human immunodefi- 
ciency virus (HIV) into some of these patients 
despite negative results on serologic testing of 
the donors for evidence of exposure to HIV is 
unknown. Salahuddin and coworkers’ recently 
showed that HIV may be present in corneal 
buttons from patients with AIDS. There is a 
latency period which averages a few weeks, but 
possibly longer, during which results of the 
enzyme-linked immunosorbent assay (ELISA) 
are negative in HIV-infected patients. This 
assay is the commonly used screening test for 
exposure to HIV.’ Barrett and coworkers? 
showed that the false-negative rate for the 
ELISA test is much higher for patients with 
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lymphadenopathy syndrome (a less severe 
condition caused by infection with HIV) than 
for those with AIDS. Furthermore, there are 
reports that in some advanced cases of AIDS, 
results of the ELISA test have reverted to nega- 
tive with a drop in the antibody titer.*ë The 
Western blot analysis, a more specific test for 
infection with HIV, can be more sensitive in the 
early stages of infection, but its results may be 
negative (a false-negative) when results of the 
ELISA test are repeatedly positive.‘ 

Donor tissue comes from a variety of sources 
and differs from region to region. In many 
states, corneas are accompanied by inadequate 
social and medical histories. In California and 
Maryland, 78% of the donor corneas were ob- 
tained from the medical examiner’s office, with 
most of the donors being male.** In the absence 
of history indicating membership in a group 
known to be at high risk for AIDS, negative 
results of the ELISA test are often considered 
sufficient to permit the use of a corneal button 
for transplantation. Although cadaveric blood 
is used for this screening test Pepose and asso- 
ciates® have shown that this does not decrease 
the sensitivity of the ELISA test. 

While precise figures are not available for the 
prevalence and incidence of HIV infection, the 
Centers for Disease Control now estimate that 1 
to 1.5 million Americans are infected with 
HIV.’ Among men aged 30 to 39 years in the 
five metropolitan areas with highest prevalence 
of AIDS, the prevalence of infection is estimat- 
ed to be 11% (Centers for Disease Control, Feb. 
24, 1987, unpublished data). 

Using a simple mathematical model, we esti- 
mated the number of corneas that, because of 
the latency period and false-negative rate of the 
ELISA test, may be coming from HIV-infected 
donors. Any estimates of the magnitude of this 
problem are perforce speculative and impre- 
cise; nonetheless, these estimates have implica- 
tions for HIV transmission, particularly be- 
cause it has been documented that neurotropic 
viruses (rabies and Jakob-Creutzfeldt disease) 
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can be transmitted during penetrating kerato- 
plasty. 





Material and Methods 





To estimate the number of possible corneal 
transplants from HIV-infected donors that 
have taken place since April 1985, we specified 
four factors: (1) p, the prevalence of HIV infec- 
tion in the donor population; (2) r, the monthly 
rate of increase of HIV infection as a fraction of 
the already infected population; (3) 1, the 
length of the lag period in months from infec- 
tion to positive results on ELISA testing; and 
(4) s, the sensitivity of the ELISA test (that is, 
the proportion of HIV-infected patients who 
test positive). 

Because of the uncertainty in these factors 
and because better estimation may require seg- 
mentation of the population, we calculated sev- 
eral estimates based on different assumptions 
about the factors. In general, over a short peri- 
od of time, the fraction of people who are 
infected but test negative by ELISA test screen- 
ing can be estimated by the formula 


p[(1 — s) + rl]. 


Our calculations involve estimates for the 
prevalence of HIV infection (p) and the rate of 
increase in HIV infection (r). Estimates for the 
total number of people infected in the United 
States have ranged from 0.3 to 1.9 million, with 
the Centers for Disease Control’s best esti- 
mates in the range of 1 to 1.5 million.*!? We 
chose to use 1.25 million (approximately 0.5% 
of the U.S. population) in our study. This is the 
midpoint of Centers for Disease Control’s best 
estimate,”"” which has not changed over the 
last two years. 

Estimation of the rate of increase of HIV 
infection (r) is more tenuous than that of the 
number of people infected. Because large-scale 
samples are often from selected populations 
(such as army recruits), estimates derived 
from them may not be representative of the 
population at large. One might naively think 
that the rate of HIV infection would parallel 
that of AIDS cases, which increased 58% in the 
last year’ (a monthly increase of 4%). It is more 
likely, however, that the incidence of AIDS 
reflects HIV infection several years earlier and 
that the present rate of increase of HIV infec- 
tion is actually lower. To be conservative, we 


used monthly rates of increase of 0.5% to 2%, 
implying yearly rates of increase of 6% to 27% 
of the number of already existing infected peo- 
ple. 

Plausible estimates of the sensitivity (s) for 
ELISA test screening range from 95% to 97% .3?? 
In our calculations, we used these two rates, as 
well as an optimistic sensitivity of 99% and a 
pessimistic sensitivity of 90%. 





Results 





Our first estimate assumed low values for all 
factors (prevalence rate of HIV infection at one 
per 4,000 population, rate of increase at 0.5% 
per month, lag time of one week, and sensitivi- 
ty of 99% [1 — s = 1%]) (Table). With these 
conservative estimates, one transplant in the 
United States each year would be expected to 
be from an HIV-infected donor (0.000028 x 
25,000 transplants/year = 0.7). 

Using the Centers for Disease Control's cur- 
rent estimate for the prevalence of HIV infec- 
tion in the United States population (five per 
1,000), a modest rate of increase (1% per 
month), and lag periods of one-half to one 
month, we obtained Estimates 2 through 4 
(Table). Estimate 2 uses a high sensitivity (99%, 
1 — s = 1%), but the result is approximately 
three times that of Estimate 1. Estimate 3 uses a 
sensitivity of 97% (1 — s = 3%) and Estimate 4 
uses the sensitivity for lymphadenopathy syn- 
drome (95%, 1 — s = 5%). These results are an 


TABLE 
PERCENT OF THE DONOR POPULATION THAT IS 
INFECTED WITH HIV BUT TESTS FALSELY NEGATIVE* 





ESTIMATE 
NO. p r | (Mos) 1-6 RESULT (%) 
1 0.0025 0.005 0.25 0.01 0.0028 
2 0.005 0.01 0.50 0.01 0.0075 
3 0.005 0.01 0.50 0.03 0.018 
4 0.005 0.01 1.0 0.05 0.030 
5 0.005 0.02 2.0 0.05 0.045 
6 0.025 0.01 0.50 0.05 0.14 
7 0.05 0.02 0.50 0.05 0.30 
8 0.10 0.02 1.0 0.10 1.2 





*p, prevalence of HIV infection in the donor population; r, 
monthly rate of increase of HIV population; |, length of lag period 
from infection to positive results on ELISA; s, the sensitivity of the 
ELISA test. 
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order of magnitude higher than Estimate 1. 
Estimate 5 differs from Estimate 4 in the use of 
2% for the monthly rate of increase (r) and two 
months for the lag time (l). The results are 
slightly higher. 

The last three estimates (Estimates 6 through 
8) may apply to high-risk subpopulations, de- 
mographic groups that, in the absence of other 
information, may have substantially higher 
risk than the overall population, such as men 
aged 30 to 39 years who live in urban areas 
where the prevalence of AIDS is high. These 
estimates are on the order of 0.14% to 1.2%. 

Taking our most plausible set of factors, our 
estimate for the number of corneas from HIV- 
infected donors that were transplanted since 
April 1985 is approximately 22 (using Estimate 
4: 0.0003 x 25,000 transplants/year X 3 years) 
with a plausible range of two (Estimate 1) to 30 
(Estimate 5). If one fourth of the donor corneas 
came from young men living in urban areas, as 
may be the case in some areas, this subgroup 
alone may have contributed 21 to 56 infected 
corneas (Estimate 6: 0.0014 x 25,000 trans- 
plants/year x 3 years x 0.25; and Estimate 7: 
0.003 x 25,000 transplants/year x 3 years X 
0.25). 


Discussion 


A more precise estimate of the number of 
corneas from HIV-infected patients than that 
calculated here requires a more precise knowl- 
edge of the demographics of the donor popula- 
tion. It would seem, however, that differences 
between the donor population and the overall 
population could lead to higher numbers of 
transplants from infected donors than esti- 
mates derived from parameters relating to the 
general population. Even with a relatively con- 
servative estimate that uses overall population 
figures (Estimate 4), we calculated that 22 pa- 
tients received corneas from HIV-infected do- 
nors in the last three years. 

For the six years before the institution of 
routine ELISA screening, we might crudely 
estimate that 50 corneas were from HIV- 
infected donors (150,000 transplants over six 
years X 1/3,000, the factor proposed by the 
Centers for Disease Control as the proportion 
of patients who received blood transfusions 
who might be HIV-positive). This estimate, 
however, assumes that the blood donor and 
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cornea donor populations have similar risk lev- 
els. 

The present average risk of using a cornea 
from an HIV-infected patient is small (0.03%, 
Estimate 4). Furthermore, transplants from 
known HIV-positive donors (patients who are 
positive by the ELISA test and Western blot 
analysis) have occurred, although to date none 
of the recipients have developed evidence of 
HIV infection. In one such case, the recipients 
of kidneys from an HIV-positive donor subse- 
quently became HIV positive but the corneal 
button recipients did not.” 

Although the average risk of receiving a cor- 
nea from an HIV-positive donor is small, it 
increases by a factor of ten when tissue is used 
from an individual in a high-risk group (0.3%, 
Estimate 7). When tissue is obtained from the 
medical examiner, it may be unknown whether 
the donor belonged to a high-risk group and 
negative results on ELISA testing are consid- 
ered sufficient to proceed with transplantation. 
Blood banks have adopted strict criteria, rigor- 
ous procedures for history taking, and moral 
suasion to prevent members of high-risk 
groups from donating and to screen out HIV- 
positive blood. Members of high-risk groups 
are rejected as potential donors even if they are 
seronegative. To our knowledge, eye banks and 
other organ donation organizations often do 
not (or can not) maintain the same level of 
vigilance, particularly with tissue from the 
medical examiner. 

Our study indicates that the present guide- 
lines for use of corneal tissue provide a small 
average risk to the graft recipient for infection 
with HIV. However, this risk may be reduced 
even further by addressing several questions: 
whether tissue from donors with inadequate 
social or medical histories but negative results 
on ELISA testing should be used, whether tis- 
sue from donors with negative results on 
ELISA testing who are in high-risk groups by 
virtue of age, sex, or area of residence should 
be used, and whether more than one serum 
screening test for donors in high-risk groups 
should be required. 
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Course and Outcome of Ocular Sarcoidosis 








Anni Karma, M.D., Esko Huhti, M.D., and Anneli Poukkula, M.D. 


Ina series of 281 patients with histologically 
confirmed sarcoidosis, 79 initially had oph- 
thalmic sarcoid manifestations. Of 22 patients 
with uveitis, 21 were seen regularly as long as 
the inflammation was active, and 71 of the 79 
patients (90%) underwent a follow-up study 
five to 16 years (mean, nine years) later and 
using the same protocol. In the 21 patients 
with uveitis, the disease exhibited either a 
monophasic course (eight patients) with favor- 
able visual outcome or a relapsing course (13 
patients) with severe visual loss in five eyes. 
Thirty-three patients showed chronic ophthal- 
mic changes at the follow-up examination, 
including conjunctival granulomas (13 pa- 
tients), lacrimal gland involvement (22 pa- 
tients), uveitis (four patients), and involve- 
ment of lacrimal passages (three patients). In 
15 of these 33 patients, the general physical 
examination and the chest x-ray showed no 
evidence of systemic sarcoidosis. However, 
the serum angiotensin converting enzyme 
level was increased in a significantly greater 
proportion of these 15 patients than in the 
patients assessed as totally recovered from 
sarcoidosis. 


ALTHOUGH UVEITIS is the hallmark of ocular 
sarcoidosis, sarcoid involvement of the lacrimal 
glands and conjunctivae is found more fre- 
quently than uveitis in these patients.’ The 
course and prognosis of sarcoid uveitis have 
been studied, ° but the outcome of other oph- 
thalmic sarcoid changes is not known. The 
purpose of this study was to investigate the 
course and outcome of sarcoidosis in external 
and internal ocular tissues and lacrimal appara- 
tus during an average follow-up period of nine 
years. 
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Patients and Methods 





From 1971 through 1977 in a circumscribed 
area of northern Finland we identified 281 pa- 
tients with histologically confirmed sarcoido- 
sis. All except two patients had intrathoracic 
sarcoidosis and 157 patients had evidence of 
extrathoracic involvement as well. Eighty five 
of the patients were symptom free, and the 
sarcoidosis had been noted on x-ray. The biop- 
sy for histologic verification was obtained by 
mediastinoscopy in 254 patients, and in 64 
patients histologic studies were done in two or 
more sites. 

All patients underwent a detailed ophthal- 
mologic examination including Schirmer’s test 
(in borderline cases complemented with the 
rose-bengal stain), examination of the anterior 
chamber angle, vitreous, and fundi using a 
Goldmann three-mirror contact lens, and con- 
junctival biopsy. In many patients with uveitis, 
iris and fundus fluorescein angiography was 
performed. 

Of the 281 patients, 79 (28%), 53 women and 
26 men with a mean age of 41 years (range, 19 
to 73 years), showed one or more ophthalmic 
sarcoid manifestations at the initial examina- 
tion (Table 1). In 37 patients, the conjunctival 


TABLE 1 
SARCOID MANIFESTATIONS WITH OPHTHALMIC 
CHANGES AT INITIAL EXAMINATION (N = 79) 





NO. OF 

CHANGE PATIENTS* % 
Conjunctival granulomatosis 37 47 
Lacrimal gland involvement 36 46 
Uveitis 22 28 
Band keratopathy 11 14 
Episcleritis 5 6 
Lacrimal passage involvement 5 6 
Pulmonary changes 78 99 
Other extraophthalmic changes 55 70 





*Numbers do not add because each patient may have had 
more than one manifestation. 
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biopsy specimen contained epithelioid cell 
granulomas compatible with sarcoidosis. In 36 
patients, decreased lacrimal secretion or en- 
largement of the lacrimal glands (six patients) 
were regarded as a sign of lacrimal gland in- 
volvement of sarcoidosis. Uveitis was found in 
22 patients, and was bilateral in 20. It was 
classified as granulomatous in 17 patients, with 
iris nodules in five patients, retinal granulomas 
in two patients, and optic disk granulomas in 
one patient. Seven patients with band keratop- 
athy had hypercalcemia. In five patients, ob- 
struction of the lacrimal passages was thought 
to be induced by sarcoid involvement. This was 
verified histologically on testing of a specimen 
from the lacrimal sac in two patients (Fig. 1) 
and from the nasal mucosa in one patient. 

All but one patient with ophthalmic changes 
had pulmonary involvement and 55 patients 
also had other extraophthalmic sarcoid chang- 
es. Further details concerning the entire patient 
population, study protocols, and early sarcoid 
manifestations were reported previously.” 

Follow-up study—Twenty-one patients with 
uveitis (one patient died of a heart attack soon 
after the diagnosis of sarcoidosis) were seen 
regularly during the active period of inflamma- 
tion. The uveitis was treated with topical dexa- 
methasone in all patients as well as with sys- 





eA SY EEEN 


Fig. 1 (Karma, Huhti, and Poukkula). Sarcoidosis 
of the lacrimal sac. Two epithelioid cell granulomas 
(G) are surrounded by fibrotic changes (hematoxylin 
and eosin, X32). 





temic prednisolone in 14 patients. Twenty 
patients with ophthalmic manifestations other 
than uveitis received prednisolone because of 
pulmonary or other extraophthalmic sarcoid 
involvement. The duration of prednisolone 
therapy varied from two months to ten years. 

We performed a follow-up study on 71 (90%) 
of the 79 patients with ophthalmic sarcoid man- 
ifestations five to 16 years (mean, nine years) 
after the initial examination. There were 48 
women and 23 men. The mean age of the 
patients at this time was 51 years (range, 28 to 
74 years). The eight patients not available for 
the follow-up study had had the following 
ophthalmic changes: conjunctival granulomas 
(five patients), lacrimal gland involvement 
(three patients), uveitis (one patient), and lacri- 
mal passage involvement (one patient). For this 
study, the ophthalmologic examination was 
performed by one of us (A.K.), who had also 
performed the initial examination, using the 
same protocol as in the initial study. However, 
this time a conjunctival biopsy specimen was 
taken only from nodules with an appearance on 
slit-lamp examination that was typical of sar- 
coidosis. A general physical examination was 
performed and x-rays of the lungs were taken. 
The x-rays were reviewed by the same pulmo- 
nary specialists as in the initial study (E.H. and 
A.P.). Serum angiotensin converting enzyme 
levels were measured using the colorimetric 
method of Hurst and Lowell-Smith.ë The range 
of normal values was 25 to 75 units/L for 
women and 25 to 85 units/L for men. Four 
patients were taking oral prednisolone, one 
was taking azathioprine, and three patients 
with uveitis were using topical corticosteroids 
at the time of the follow-up study. Gallium-67 
scanning of the head and lungs was performed 
on 13 patients, one of whom was receiving 
systemic prednisolone therapy. 

Statistical analyses were performed using the 
x’-test. 





Results 





In five patients, the onset of uveitis had been 
sudden, with decreased visual acuity and pain 
caused by increased intraocular pressure of up 
to 50 mm Hg. In 12 patients, the uveitis had 
developed insidiously, with mild symptoms of 
floaters in the visual field, and five patients 
were symptom free. In 20 patients, uveitis was 
present at the time sarcoidosis was diagnosed. 


Vol. 106, No. 4 


Ocular Sarcoidosis 469 





TOTAL 
21 
MONOPHASIC RELAPSING 
RECOVERED 13 


8 a 
Ss 
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ULTIMATELY CHRONIC 


RECOVERED 4 
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Fig. 2 (Karma, Huhti, and Poukkula). Course and 
outcome of uveitis. (One patient who died soon after 
diagnosis is excluded.) 


In two patients, the uveitis preceded changes 
noted on pulmonary x-ray by 3v2 and nine 
years. Excluding the one patient who died soon 
after diagnosis, eight patients showed a 
monophasic course of uveitis with recovery in 
less than six months, and 13 patients had a 
relapsing course of uveitis with many exacerba- 
tions (Fig. 2). In the latter group, the uveal 
inflammation subsided after two to three years 
in nine patients. Reactivation of uveitis was 
often associated with tapering of the predniso- 
lone therapy. Exacerbations of nodular uveitis 
were often associated with an appearance of 
fresh iris or fundus nodes or with the activation 
of older ones (Fig. 3). This experience has been 
reported previously.® 

In patients with monophasic uveitis, the pul- 


monary changes resolved after a maximum of 
two years. Among the nine patients with a 
relapsing but finally recovering course of uvei- 
tis, one died of lupus erythematosus 
disseminatus six years after the diagnosis of 
sarcoidosis. No signs of sarcoidosis were found 
at autopsy. Five additional patients in this 
group showed no evidence of sarcoidosis at the 
follow-up examination. The remaining three 
patients in this group had the following chronic 
sarcoid involvements at the most recent exami- 
nation: conjunctival granulomas (two pa- 
tients), decreased lacrimal secretion (one pa- 
tient), pulmonary changes (two patients), and 
skin lesions (one patient). Three of the four 
patients with chronic uveitis had pulmonary 
changes, and one of them also showed conjunc- 
tival and lacrimal gland involvement at the 
follow-up examination. 

Complications of uveitis were manifold and 
of varying severity (Table 2). The most serious 
of them were seen among the patients with 
chronic uveitis. The most common of the se- 
quelae were tiny scars around the peripheral 
venules at the sites of the previous candle-wax 
lesions. In ten eyes of eight patients more 
sizeable chorioretinal scars were seen, and they 
occupied the macular area in three eyes. One 
patient had had retinal detachment caused by 
perivasculitis, and it had been successfully re- 
attached. In one patient fibrotic exudative 
panuveitis had resulted in phthisis of the eye. 





Fig. 3 (Karma, Huhti, and Poukkula). Left eye. Fluorescein iris angiogram of a relapsing, ultimately remitting 
nodular iritis. Left, In relapse, heavy fluorescence of a large peripheral node at the 10 o'clock meridian and 
dilated leaking vessels around the pupil. Right, Six years later, faint tortuous vascular network at the site of the 
peripheral node. Localized areas of leakage between vascular scars in the pupillary area. No signs of active 
uveitis on slit-lamp examination. 
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TABLE 2 
COMPLICATIONS OF UVEITIS 


ĖS 
COURSE OF UVEITIS* 


MONOPHASIC RELAPSING CHRONIC TOTAL 


COMPLICATION (N = 16) (N = 18) (N=6) (N= 40) 
Scars of candle- 4 11 0 15 
wax lesions 
Glaucoma at onset 6 3 2 11 
Cataract 0 9 2 11 
Chorioretinal scars 0 6 4 10 
Anterior synechiae 2 4 2 8 
Posterior synechiae 0 6 2 8 
Chronic secondary 2 1 2 5 
glaucoma 
Iris bombé 0 0 2 2 
Aphakia 0 0 2 2 
Cystoid macular 0 0 1 1 
edema 
Retinal detachment 0 0 1 1 
Phthisis 0 0 1 1 


*N = no. of eyes. 
‘Two patients had a unilateral disease. 


In 27 of 40 eyes with uveitis, final visual acuity 
was 20/30 or better (Table 3). Five patients 
suffered severe visual loss (visual acuity 20/200 
or worse) in one eye. 

Of 71 patients, 33 (46%) had at least one 
sarcoid ophthalmic change at the long-term 
follow-up examination (Table 4). Conjunctival 
sarcoidosis was found in 13 patients (confirmed 
by biopsy in nine) (Fig. 4). In ten patients the 
finding had been similar initially, but three 
patients with positive evidence on biopsy at the 


TABLE 4 
SARCOID MANIFESTATIONS AT FOLLOW-UP 
EXAMINATION (N = 71) 


TE 


CHANGE NO. OF PATIENTS* % 
Any ophthalmic changes 33 (15) 46 
Conjunctival granulomatosis* 13 (5) 18 
Lacrimal gland involvement 22 (12) 31 
Uveitis 4 (1) 6 
Lacrimal passage involvement 3 4 
Pulmonary changes 25 35 
Other extraophthalmic changes 7 10 


Se eee eee eee 
“Figures in parentheses indicate the number of patients with 

ophthalmic changes as the only remaining sign of sarcoidosis. 
‘Confirmed by biopsy in nine patients. 





TABLE 3 
VISUAL OUTCOME IN UVEITIS 


OO OO 


COURSE OF UVEITIS 

TOTAL NO. 

VISUAL ACUITY | MONOPHASIC RELAPSING CHRONIC* OF EYES 
20/30 or better 14 13 0 27 
20/40 to 20/60 0 0 2 2 
20/70 to 20/200 0 2 2 4 
Worse than 20/200 2 3 1 6 
No light perception 0 0 1 1 
Total no. of eyes 16 18 6 40 


ee eee 

*Two patients had unilateral disease. 

‘Includes one patient with unilateral age-related macular de- 
generation. 

‘Refers to a patient with bilateral aphakia because of extracted 
congenital cataracts. Poor vision was not caused by uveitis. 


follow-up examination had shown no evidence 
on biopsy initially. In some patients a minute 
scar could be discerned at the site of a previous 
conjunctival biopsy. Two patients with discern- 
ible sarcoid conjunctival granulomas had a 
marked symblepharon bilaterally. In two biop- 
sy specimens, fibrous tissue surrounded the 
epithelioid cell aggregates. 

Lacrimal secretion was decreased in 22 of 71 
patients (31%). In 17 patients the finding was 
similar at the initial ophthalmologic examina- 





Fig. 4 (Karma, Huhti, and Poukkula). Conjunctival 
sarcoidosis. Epithelioid cell granuloma is surround- 
ed by lymphoplasmocytic infiltration (hematoxylin 
and eosin, X 128). 
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tion, but in five patients lacrimal secretion had 
been normal initially. None of the patients had 
enlarged lacrimal glands, and only four pa- 
tients had distressing symptoms of dry eyes. 
Three patients had remaining dacryostenosis 
and nasal stuffiness, which were considered to 
be of sarcoid origin. 

On follow-up examination, in 15 patients 
with chronic ophthalmic sarcoid changes, nei- 
ther the general physical examination nor the 
chest x-ray disclosed evidence of systemic sar- 
coidosis. However, serum angiotensin convert- 
ing enzyme levels were increased in significant- 
ly (P < .01) more patients with ophthalmic 
changes than in resolved cases (Table 5). Of the 
12 patients with chronic ophthalmic changes 
who underwent gallium-67 scanning, only four 
showed increased uptake over the orbits. 





Discussion 





Sarcoid uveitis is conventionally classified as 
either acute or chronic.**” This classification, 
however, probably does not accurately describe 
the condition. The onset of sarcoid uveitis in 
our patients was seldom acute. More often it 
was insidious, with either no or only minimal 
symptoms. Given the results of the present 
long-term follow-up study, it would be more 
appropriate to classify sarcoid uveitis as being 


TABLE 5 
BORDERLINE OR INCREASED SERUM ANGIOTENSIN 
CONVERTING ENZYME LEVELS AT 
FOLLOW-UP EXAMINATION 


—_—_ sn eee ee — 


INCREASED 
ENZYME ENZYME 
LEVEL LEVEL 


(UNITS/L) 
NO.OF NONO. 


SARCOID CHANGE PATIENTS EXAMINED % MEAN RANGE 
Only ophthalmic changes 15 7/14 50* 106 73-157 
Both ophthalmic and 18 9/18 50* 95 66-154 

pulmonary changes 
Only pulmonary changes 8 27 29 91 84-99 
Resolved cases 30 4/30 13 80 71-86 
Total 71 22/69 32 99 66-157 


ee ħÃħÃĖÁ 
*These figures are significantly higher (P < .01) than the figure 
in resolved cases. 
‘Normal range, 25 to 75 units/L for women and 25 to 85 units/L 
for men. 


monophasic, relapsing, or chronic. More than 
half of the patients showed an episodic relaps- 
ing course, and of the 21 patients with uveitis 
at the initial examination, only four showed 
uveitis activity at the long-term examination. 

At the onset of uveitis, it was not possible to 
predict its course on the basis of the biomicro- 
scopic appearance or the severity of systemic 
sarcoidosis. However, during the follow-up ex- 
amination, it was noted that sarcoidosis in 
association with monophasic uveitis remifted 
totally in a maximum of two years, whereas 
relapsing uveitis did not necessarily follow the 
course of systemic (mainly pulmonary) dis- 
ease. The uveitis could appear years before 
pulmonary changes were seen, as occurred in 
two patients, or could remit permanently while 
other sarcoid manifestations were maintained, 
as was seen in three patients. These findings 
are in accordance with previously reported 
findings.'** In three of the four patients with 
chronic uveitis, systemic disease was also ac- 
tive. 

Visual outcome was favorable in patients 
with monophasic uveitis, but poorer in those 
with relapsing or chronic uveitis. However, 
only five of 21 patients (five of 40 affected eyes) 
suffered severe visual loss in one eye, whereas 
Jabs and Johns‘ reported a similar loss bilateral- 
ly in eight of 35 patients. The difference is not 
statistically significant. Furthermore, Jabs and 
Johns studied a selected group of mainly black 
patients and the study was biased toward more 
severe ocular disease. Crick, Hoyle, and 
Smellie’ obtained results similar to ours in com- 
parable series of patients. Therefore, it can be 
assumed that, irrespective of race, the progno- 
sis of sarcoid uveitis is similar. 

Conjunctival and lacrimal gland sarcoidosis 
was again seen more frequently than uveitis at 
the follow-up examination than at the initial 
examination, with the difference at follow-up 
being even greater than initially. However, the 
prevalences of different forms of ophthalmic 
sarcoidosis may not be comparable because 
they are based on different methods of assess- 
ment. At the follow-up examination, only four 
patients showed active uveitis with aqueous 
flare and vitreous reaction on biomicroscopy, 
but many patients showed scars left from active 
phases of uveitis, also verified in some nodular 
cases by angiography (Fig. 3). There may have 
been granulomas not detected by the methods 
used, for example, in the ciliary body, which 
seems to be affected most often in intraocular 
sarcoidosis.’ 
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Further, although biopsy was used to verify 
conjunctival sarcoid involvement, involvement 
of the lacrimal glands in the sarcoid process 
was not histologically confirmed but was only 
presumptive. Crick, Hoyle, and Smellie’ used 
the same method of assessment of involvement 
of the lacrimal glands by sarcoidosis as we did, 
and concluded that keratoconjunctivitis sicca 
was the most frequent sarcoid change in their 
study population (48 of 69 patients examined). 
Based also on gallium scanning, it has been 
suggested that lacrimal glands are affected in 
up to 70% of patients with active sarcoidosis." 
Although gallium studies in our patients were 
of no use in assessing the activity of chronic 
ocular sarcoidosis,!! it is reasonable to assume 
that decreased lacrimal secretion in our pa- 
tients was a sequela of sarcoid involvement of 
the lacrimal glands. 

Although all patients had systemic disease at 
the time of diagnosis, in 15 patients the oph- 
thalmic lesions seemed to be the only remain- 
ing sign of sarcoidosis at the follow-up exami- 
nation. However, the serum angiotensin 
converting enzyme level was increased in a 
greater proportion of these patients than in 
totally cured patients. The serum angiotensin 
converting enzyme activity may have derived 
from still “active” epithelioid cell granulomas 
in the ophthalmic areas, or there may have 
been granulomas secreting angiotensin con- 
verting enzyme elsewhere that were not detect- 
ed using our study protocol. It has been pro- 
posed that elevated serum angiotensin 
converting enzyme levels in sarcoidosis reflect 
the total body “granuloma load,’’” although 
the tissue origins of circulating serum angio- 
tensin converting enzyme have not been identi- 
fied.” 

The present study shows that ophthalmic 
sarcoid lesions may remain as isolated, chronic 
residues of sarcoidosis without physical, radio- 
logic, or even laboratory evidence of systemic 
disease. When examining a patient for the first 
time in such a phase it may be difficult to trace 
the systemic sarcoid abnormalities that the pa- 
tient may have experienced asymptomatically 
many years earlier. Some of the case reports of 
sarcoid-like reactions in the ophthalmic areas 
in which evidence of systemic sarcoidosis has 
been lacking" may represent such chronic 
residues of systemic disease as seen in this 
study. Evidently, ocular abnormality may also 
be an initial finding in sarcoidosis, in which 
case the systemic manifestations follow in due 
course, as seen in this study in two patients 
with uveitis. 
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Treatment of Scleritis With Combined Oral Prednisone 


and Indomethacin Therapy 





Bartly J. Mondino, M.D., and Richard B. Phinney, M.D. 


Six patients with diffuse or nodular scleritis 
that did not respond satisfactorily to oral indo- 
methacin or prednisone used alone required a 
combination of these two drugs to achieve a 
complete clinical response. In our patients, 
the total daily doses of prednisone when used 
alone ranged from 40 to 100 mg, and the total 
daily doses of indomethacin when used alone 
ranged from 100 to 200 mg. Use of combination 
therapy with prednisone in total daily doses 
ranging from 10 to 60 mg as well as indometha- 
cin in total daily doses ranging from 50 to 150 
mg resulted in a complete clinical response. 
The corticosteroid-saving effect of nonsteroi- 
dal anti-inflammatory agents allowed the use 
of lower doses of corticosteroids, thereby de- 
creasing the risk of serious systemic side 
effects. 


ScLERITIS is a painful, destructive disease 
that always has a protracted course if untreat- 
ed.! The initial recommended treatment for 
diffuse or nodular scleritis includes oral non- 
steroidal anti-inflammatory agents such as in- 
domethacin, at a total daily dose of 75 to 100 
mg.!° If there is no response to these drugs, 
oral corticosteroids, such as prednisone in a 
total daily dose of 60 to 80 mg, are recommend- 
ed.'* 

We treated six patients with diffuse or nodu- 
lar scleritis that did not respond satisfactorily 
to oral indomethacin or prednisone used alone, 
but did respond to a combination of these two 
drugs. The corticosteroid-saving effect of non- 
steroidal anti-inflammatory agents has been 
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demonstrated in laboratory models of inflam- 
mation? and has been found useful in the 
therapy of rheumatoid arthritis’ and systemic 
lupus erythematosus." Combination therapy 
with nonsteroidal anti-inflammatory agents 
and corticosteroids may be useful for resistant 
cases of diffuse or nodular scleritis by allowing 
the use of a lower dose of corticosteroids and 
thereby decreasing the risk of systemic side 
effects. Four representative cases are described 
in detail. 





Case Reports 





Case 1 

A 49-year-old man was referred with the 
diagnosis of scleritis of the left eye. The scleritis 
had failed to respond to treatment with oral 
tetracycline, topical prednisolone acetate 1%, 
and subconjunctival corticosteroid injections. 
He was then treated with 100 mg of prednisone 
orally for several days, which was gradually 
reduced to 40 mg over the course of one week 
and then tapered and discontinued over the 
course of another week because it gave the 
patient headaches. The oral prednisone im- 
proved but did not eliminate the pain, redness, 
and tenderness of the left eye. Treatment with 
50 mg of indomethacin orally four times each 
day for two weeks made the patient more com- 
fortable but failed to eliminate the pain, tender- 
ness, and redness. He discontinued the indo- 
methacin two days before examination because 
of headaches. Results of physical examination 
and laboratory evaluation, performed by his 
internist, showed no evidence of collagen vas- 
cular disease. 

On examination, visual acuity was 20/20 in 
both eyes without correction. Slit-lamp exami- 
nation showed dilated conjunctival and epi- 
scleral vessels of the temporal half of the left 
eye. Instillation of 2.5% phenylephrine eye- 
drops demonstrated dilated, deep episcleral 
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vessels. An area of scleral thinning was present 
in the inferotemporal quadrant. The entire tem- 
poral half of the globe was tender to palpation. 
The anterior chamber showed 1+ cells and flare 
in the left eye. The inferior cornea of the left 
eye showed peripheral midstromal vascular in- 
growth. Tension by applanation was R.E.: 16 
mm Hg and L.E.: 14 mm Hg. Examination with 
dilated pupils disclosed normal fundi in both 
eyes. 

An additional two weeks of treatment with 
indomethacin, 50 mg orally four times each 
day, had little effect on his signs and symp- 
toms. The patient was then treated with 50 mg 
of indomethacin orally three times each day 
plus 40 mg of prednisone orally each day. 
These dosages were well tolerated without side 
effects. Two weeks later, there was no evidence 
of scleritis except for the previously noted area 
of scleral thinning in the inferotemporal quad- 
rant. The anterior chamber was clear. Over the 
next two months, the indomethacin and pred- 
nisone were tapered and then discontinued 
without recurrence of inflammation. 


Case 3 

A 46-year-old woman with Crohn’s disease 
was referred because of a five-month history of 
pain and redness in the left eye. A nodular area 
of scleral inflammation was noted in the infero- 
temporal quadrant of the left eye. The scleritis 
did not respond to topical or subconjunctival 
corticosteroids. Indomethacin, 25 mg orally, 
three times each day for approximately one 
month and then four times each day for an 
additional week improved but did not eliminate 
her signs and symptoms. Indomethacin, 50 mg 
three times each day, caused gastrointestinal 
distress and nausea. She had undergone a par- 
tial colectomy and was taking sulfasalazine for 
control of Crohn’s disease. 

On examination, best-corrected visual acuity 
was 20/20 in both eyes. The left eye showed a 
scleral nodule adjacent to the temporal corneo- 
scleral limbus. The conjunctival and superficial 
and deep episcleral vessels were dilated in this 
area. The nodule was immobile and tender to 
palpation. The left cornea showed a single deep 
stromal vessel crossing the corneoscleral lim- 
bus at the 3 o’clock meridian. The anterior 
chamber of the right eye showed 2+ cells and 
flare, and the anterior chamber of the left eye 
showed an occasional cell with trace flare. Ten- 
sion by applanation was R.E.: 20 mm Hg and 
L.E.: 23 mm Hg. Examination with dilated pu- 
pils disclosed normal fundi. Physical examina- 
tion showed no evidence of rheumatoid arthri- 
tis or other collagen vascular disease. The 


patient had a normal erythrocyte sedimenta- 
tion rate, uric acid level, and fluorescent 
treponemal antibody absorption and rheuma- 
toid factor tests, but a positive antinuclear 
antibody test at 1:80 (normal, <1:40). 

The patient was treated with prednisolone 
acetate 1% topically in both eyes twice each 
day. Because of her lack of response to indo- 
methacin, 25 mg orally, three to four times each 
day and gastrointestinal intolerance to larger 
doses, the indomethacin was discontinued. 
She was then treated with 40 mg of prednisone 
orally each day. Although the pain and tender- 
ness improved, the clinical appearance of nod- 
ular scleritis remained unchanged despite 
three weeks of therapy with oral prednisone 
(Fig. 1, left). The anterior chamber, however, 
became clear in both eyes. Because of promi- 
nent facial swelling that developed while tak- 
ing prednisone, the patient did not wish to 
have the dosage increased. Accordingly, she 
was treated with 25 mg of indomethacin orally 
twice each day in addition to the same dose of 
prednisone. Two weeks later, the patient was 
asymptomatic and the scleral nodule had re- 
solved, leaving an area of scleral thinning at its 
site (Fig. 1, right). The prednisone and indo- 
methacin were gradually tapered over the next 
three months and then discontinued with no 
recurrence of scleritis over the next 1% years. 


Case 4 

A 56-year-old woman was referred with the 
diagnosis of scleritis in both eyes. The patient 
complained of redness, tenderness, and photo- 
phobia in both eyes beginning approximately 
nine months before referral. Four months be- 
fore examination, she developed severe pain in 
the left eye that radiated to the left eyebrow 
and temple and interfered with sleep. The left 
eye was tender to touch, and severe photopho- 
bia was present. Scleritis of the nasal aspect of 
the left eye was diagnosed. Three months be- 
fore examination, she was treated with 25 mg 
of indomethacin orally three times a day. This 
treatment was associated with a decrease in 
signs and symptoms in the left eye. However, 
about five days after the institution of treat- 
ment, scleritis developed in the right eye. The 
indomethacin was increased to 50 mg orally 
three times each day, which improved but did 
not eliminate the signs and symptoms of scleri- 
tis in either eye. The indomethacin could not be 
maintained at this level because it caused an 
upset stomach associated with diarrhea. After 
approximately two months of treatment, the 
indomethacin was discontinued. Five weeks 
before referral, prednisone was started at a 
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Fig. 1 (Mondino and Phinney). Case 3. Left, Scleral nodule adjacent to inferotemporal cornea of left eye 
persists after treatment with oral indomethacin followed by prednisone (arrows indicate lateral margin of 
nodule). Right, Resolution of scleral nodule after combination therapy with oral indomethacin and prednisone. 


dose of 100 mg orally each day for five days and 
then decreased gradually to 20 mg. Any at- 
tempts to reduce the prednisone below 20 mg 
each day or 40 mg every other day resulted ina 
recurrence of symptoms of scleritis. At the time 
of referral, the patient complained of pain and 
tenderness mainly in the right eye. A physical 
examination and laboratory evaluation demon- 
strated no evidence of collagen vascular dis- 
ease. The uric acid level was also normal and 
results of a fluorescent treponemal antibody 
absorption test were negative. 

On examination, visual acuity was 20/20 
without correction in both eyes. The temporal 
aspect of the right eye and the superotemporal 
aspect of the left eye showed conjunctival and 
episcleral hyperemia. After topical application 
of 2.5% phenylephrine, deep episcleral hyper- 
emia and scleral edema were noted in these 
areas. The temporal aspect of the right globe 
was tender to palpation. The cornea and ante- 
rior chamber were clear in both eyes. Examina- 
tion with dilated pupils showed normal fundi. 
Tension by applanation was 16 mm Hg in each 
eye. 

The patient was treated with 25 mg of indo- 
methacin orally four times each day and 40 mg 
of prednisone orally each day. Two weeks later, 
the scleritis in the left eye resolved completely. 
The scleritis in the right eye improved, but 
there was still some deep episcleral hyperemia, 
scleral edema, and tenderness. Two weeks 
later, the patient had no symptoms, but dilated 
deep episcleral vessels persisted in the tempor- 
al aspect of the right globe. An attempt to 
reduce the dose of indomethacin to 75 mg each 
day and prednisone to 30 mg each day failed, 
with recurrence of redness, pain, and tender- 
ness in the temporal aspect of the right eye two 


weeks later. The indomethacin was increased 
to 25 mg four times each day and prednisone to 
40 mg each day for five weeks, with persistence 
of tenderness and deep episcleral hyperemia 
and scleral edema of the right eye. The predni- 
sone was associated with swelling of the face, 
back, and chest. The indomethacin was in- 
creased to a total dose of 150 mg each day, with 
maintenance of prednisone at 40 mg each day 
for four weeks. At this dose of indomethacin, 
the patient complained of an upset stomach 
and diarrhea. Because of persisting pain, ten- 
derness, deep episcleral hyperemia, and scleral 
edema in the right eye, the prednisone was 
finally increased to 60 mg each day. Over the 
next month, the pain and tenderness disap- 
peared and the scleral edema and deep epi- 
scleral hyperemia resolved. The prednisone 
and indomethacin were gradually tapered and 
discontinued. 


Case 6 

A 58-year-old man had a seven-month histo- 
ry of tearing, redness, and intermittent pain in 
the left eye that radiated to the supraorbital 
region. The pain increased in severity in the 
evening and prevented him from sleeping. 
Topical application of prednisolone acetate 1% 
every hour to the left eye provided no relief. A 
physical examination and laboratory evalua- 
tion showed no evidence of collagen vascular 
disease. Results of a uric acid level were normal 
and a fluorescent treponemal antibody absorp- 
tion test was negative. He was found to have 
Paget's disease of the right humerus. 

On examination, uncorrected visual acuity 
was R.E.: 20/20 and L.E.: 20/60 (with pinhole, 
L.E.: 20/25). The left eye showed diffuse hyper- 
emia with a ciliary flush. After the addition of 
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phenylephrine 2.5%, the conjunctival and su- 
perficial episcleral vessels blanched, leaving 
dilated deep episcleral vessels over the inferior 
globe. The inferior sclera was edematous and 
tender to palpation. The anterior chamber of 
the left eye showed 1+ cells and flare. Tension 
by applanation was R.E.: 10 mm Hg and L.E.: 
14 mm Hg. No retinal lesions were noted. The 
diagnosis of diffuse anterior scleritis was made. 

The patient was treated with prednisolone 
acetate 1% four times each day in the left eye 
and 25 mg of indomethacin orally four times 
each day. Two weeks later, the patient reported 
that the pain had improved but the redness 
persisted. Visual acuity was 20/40, with pin- 
hole 20/25, in the left eye. Although the tender- 
ness to palpation resolved, the dilated deep 
episcleral vessels and scleral edema persisted 
in the inferior aspect of the left globe. The 
anterior chamber was clear in both eyes. The 
patient continued on a regimen of 100 mg of 
indomethacin per day and 40 mg of prednisone 
orally each day was added. Two weeks later, 
uncorrected visual acuity had improved to 
20/25 in the left eye. He reported that the pain, 
tenderness, and redness of the left eye were 
completely gone a few days after oral cortico- 
steroids were started. The inferior scleral 
edema and dilated deep episcleral vessels re- 
solved. The dosage of indomethacin was re- 
duced to 75 mg and the prednisone to 20 mg 
orally each day. Over the next month, the 
indomethacin was tapered to 25 mg twice each 
day, and the prednisone was tapered to 5 mg 
every other day and then discontinued. 

Two days after the prednisone was discontin- 
ued, the patient developed severe pain in the 
left eye. On examination, uncorrected visual 
acuity was 20/25 in both eyes. Both globes 
showed inferior hyperemia. After constriction 


Fig. 2 (Mond 





of the conjunctival and superficial episcleral 
vessels by 2.5% phenylephrine, dilated deep 
episcleral vessels and scleral edema were noted 
inferiorly in both eyes. The inferior sclera of 
both eyes was tender to palpation. The patient 
was treated with 25 mg of indomethacin orally 
four times each day. Two weeks later, the pa- 
tient reported a slight but steady pain in the 
right eye. The inferior scleritis persisted in both 
eyes, and the superior sclera of the right eye 
demonstrated scleritis with tenderness to pal- 
pation (Fig. 2, left). The anterior chamber 
showed occasional cells in the right eye and 1+ 
cells in the left eye. The indomethacin was 
increased to 50 mg three times each day for one 
week and then to 50 mg four times each day for 
another week after the right eye developed an 
inferonasal scleral nodule that was tender to 
palpation. 

Because the scleritis persisted in both eyes 
despite use of indomethacin in a total daily 
dose of 200 mg, the patient was treated with 40 
mg of prednisone orally each day with reduc- 
tion of indomethacin to a total daily dose of 100 
mg. Two weeks later, the patient was substan- 
tially improved and denied pain or tenderness. 
Visual acuity was 20/20 and the anterior cham- 
ber was clear in each eye. The scleritis had 
resolved in both eyes (Fig. 2, right). The indo- 
methacin was reduced to 75 mg each day and 
the prednisone to 30 mg each day. Two weeks 
later, the indomethacin was reduced to 50 mg 
and the prednisone to 20 mg each day. 

The patient returned two months later com- 
plaining of pain in both eyes. The right eye 
showed a patch of scleritis in the inferonasal 
area, and the left eye showed scleritis in the 
temporal half of the globe that was tender to 
palpation. The patient was given prednisone 40 
mg orally each day. Three weeks later, he 





ino and Phinney). Case 6. Left, Scleritis of superior globe of right eye persists despite oral 


indomethacin. Right, Resolution of scleritis after combination therapy with oral indomethacin and prednisone. 
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stated that the pain and tenderness had im- 
proved in both eyes. However, persistent dilat- 
ed deep episcleral vessels and scleral edema 
were noted inferiorly in both eyes. The predni- 
sone could not be increased further because a 
total daily dose of 40 mg already caused nerv- 
ousness and anxiety. Indomethacin, 25 mg four 
times each day, was added to the regimen. 
Three weeks later, the scleritis had resolved. 
Over the next three months, the indomethacin 
was decreased to 25 mg twice each day and the 
prednisone to 10 mg each day. 

After one month at this level of medication, 
scleritis recurred inferiorly in both eyes. The 
indomethacin was increased to a total dose of 
150 mg each day and the prednisone was main- 
tained at 10 mg each day. Approximately one 
month later, the patient reported no symp- 
toms, and there was no clinical evidence of 
scleritis. The prednisone and indomethacin 
were gradually tapered and discontinued over 
the next three months without recurrence of 
scleritis over the next year. 








Discussion 





The initial total daily dose of prednisone 
when used alone was 100 mg in Patients 1 and 
4, 80 mg in Patient 2, and 40 mg in Patient 3 
(larger doses not given because of facial swell- 
ing). In these same four patients, the total daily 
doses of indomethacin when used alone ranged 
from 100 to 200 mg. In all four patients, the use 
of combination therapy with prednisone in 
total daily doses of 40 mg in Patients 1, 2, and 3 
and 60 mg in Patient 4 as well as indomethacin 
in total daily doses ranging from 50 to 150 mg 
resulted in a complete clinical response, with 
resolution of symptoms and signs of scleritis 
(Table). 

The first episode of scleritis in Patient 5 failed 
to respond completely to prolonged treatment 
with indomethacin for 47 weeks at total daily 
doses ranging from 75 to 125 mg. Because of a 
history of a duodenal ulcer, we wanted to avoid 
large doses of prednisone. Prednisone, 40 mg 
each day, with antacids resolved the first epi- 
sode of scleritis in four weeks but was barely 
tolerated because of gastrointestinal distress. 
Her second episode of scleritis did not respond 
to indomethacin, 100 mg a day for eight weeks. 
To minimize gastrointestinal distress, we want- 
ed to use a lower dose of prednisone than that 
used during the first episode. The use of 30 mg 
of prednisone plus 100 mg of indomethacin 
each day was well tolerated and resulted in a 


complete resolution of the second episode of 
scleritis in five weeks. In this patient, combina- 
tion therapy with a lower dose of prednisone 
was better tolerated than a higher dose of 
prednisone alone. 

Patient 6 had two episodes of scleritis that 
failed to respond to 100 mg of indomethacin 
per day (increased to 200 mg during the second 
episode). Prednisone, 40 mg per day, failed to 
resolve the third episode of scleritis and higher 
doses could not be used because of nervous- 
ness and anxiety. However, combination thera- 
py with 40 mg of prednisone and 100 mg of 
indomethacin per day completely resolved the 
first three episodes of scleritis. The fourth epi- 
sode responded to 150 mg of indomethacin and 
10 mg of prednisone. The patient preferred a 
lower dose of prednisone in this last instance 
because 40 mg had caused anxiety and nerv- 
ousness. 

In five of six difficult-to-treat cases of scleri- 
tis, combination therapy with indomethacin 
and prednisone avoided daily doses of predni- 
sone greater than 40 mg. Patient 4 required 60 
mg of prednisone in addition to 150 mg of 
indomethacin per day. Without the indometha- 
cin, prednisone alone at an initial dosage of 100 
mg a day did not control her disease. 

Treatment with either agent alone before 
combination therapy could have suppressed 
the inflammatory disease and made it easier for 
combination therapy to work. Nevertheless, 
nonsteroidal anti-inflammatory agents or pred- 
nisone used alone failed to control the disease 
process, necessitating a change in treatment. 
The use of cytotoxic immunosuppressives was 
considered in these patients, but combination 
therapy worked well and avoided the serious 
systemic side effects of cytotoxic immunosup- 
pressive agents. 

Corticosteroids have numerous anti-inflam- 
matory and immunosuppressive effects." Cor- 
ticosteroids suppress prostaglandin synthesis 
by inhibiting phospholipase, which converts 
phospholipids to arachidonic acid. Non- 
steroidal anti-inflammatory agents are thought 
to exert their anti-inflammatory, analgesic, 
and antipyretic effects by inhibition of prosta- 
glandin synthesis.” Specifically, they inhibit 
cyclooxygenase, which converts arachidon- 
ic acid to prostaglandins. Because cortico- 
steroids and nonsteroidal anti-inflammatory 
agents act at different sites in the prostaglandin 
biosynthetic pathway, these agents may poten- 
tiate each other in anti-inflammatory effects. 
This has been shown in laboratory models of 
inflammation in which a corticosteroid and a 
nonsteroidal anti-inflammatory drug combined 
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TABLE 


CLINICAL DATA ON PATIENTS WITH SCLERITIS 


a ee ee ee 


TYPE OF INITIAL TOTAL DURATION OF 
PATIENT NO., SCLERITIS ASSOCIATED ORAL DAILY DOSE* TREATMENT 
AGE (yrs), SEX (EYE) CONDITION TREATMENT (ma) (wks) RESPONSE 
1,49,M Diffuse None Prednisone 100 2.5 Incomplete 
(left) Indomethacin 200 4 Incomplete 
Prednisone and 40 
indomethacin 150 2 Complete 
2, 72, M Diffuse Rosacea Prednisone 80 2 Incomplete 
(left) Indomethacin 100 2 Incomplete 
Prednisone and 40 
indomethacin 100 2 Complete 
3, 46, F Nodular Crohn's Indomethacin 75 (100) 5 Incomplete 
(left) disease Prednisone 40 3 Incomplete 
Prednisone and 40 
indomethacin 50 2 Complete 
4, 56, F Diffuse None Indomethacin 75 (150) 8 Incomplete 
(both) Prednisone 100 5 Incomplete 
Indomethacin and 100 (150) 
prednisone 40 (60) 19 Complete 
5, 80, F Diffuse None Episode 1 
(both) Indomethacin 75 (125) 47 Incomplete 
Prednisone 40 4 Complete 
Diffuse Episode 2 
(both) Indomethacin 100 8 Incomplete 
Indomethacin and 100 
prednisone 30 5 Complete 
6, 58, M Diffuse Paget's Episode 1 
(left) disease Indomethacin 100 2 Incomplete 
Indomethacin and 100 
prednisone 40 2 Complete 
Nodular Episode 2 
(right) Indomethacin 100 (200) 4 Incomplete 
Diffuse Indomethacin and 100 
(left) prednisone 40 2 Complete 
Diffuse Episode 3 
(both) Prednisone 40 3 Incomplete 
Indomethacin and 100 
prednisone 40 3 Complete 
Diffuse Episode 4 
(both) Indomethacin and 150 
prednisone 10 4 Complete 


*Numbers in parentheses represent level of increased dose. 


resulted in an effect greater than that obtaina- 
ble with either drug alone at corresponding 
doses."* These laboratory studies may also help 
explain the corticosteroid-saving effect of non- 
steroidal anti-inflammatory agents in rheuma- 
toid arthritis? and systemic lupus erythema- 
tosus.® A therapeutic effect may be obtained, 
therefore, by combination therapy using a 
lower dose of corticosteroids than would be 
necessary if they were used alone. 

The use of nonsteroidal anti-inflammatory 


agents may be associated with numerous side 
effects, including nausea, gastric distress, diar- 
rhea, abdominal distress, dizziness, somno- 
lence, depression, fatigue, and tinnitus.” 
Treatment with systemic corticosteroids may 
also have potentially serious systemic side ef- 
fects" that alternate-day therapy may mini- 
mize. The systemic side effects associated with 
high doses of corticosteroids are more frequent 
and potentially serious than those usually seen 
with high doses of nonsteroidal anti-inflam- 
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matory agents." Hence, combination therapy 
with both agents would be useful if it reduces 
the dosage of systemic corticosteroids neces- 
sary for disease control. 

Indomethacin was used for consistency 
throughout the present study. Other nonste- 
roidal anti-inflammatory agents that are useful 
in treating scleritis include flurbiprofen and 
oxyphenbutazone, but neither agent is avail- 
able in the United States. However, indometha- 
cin was found to be as effective as these other 
two agents. Ibuprofen, another nonsteroidal 
anti-inflammatory agent, was found to be inef- 
fective in the treatment of scleritis.* Combina- 
tions of nonsteroidal anti-inflammatory agents 
are probably no more effective than either 
agent alone.®! 

Combination therapy with nonsteroidal anti- 
inflammatory agents and corticosteroids is not 
recommended as initial treatment for scleritis 
associated with infectious agents. For example, 
scleritis associated with tuberculosis" or syphi- 
lis® requires specific antimicrobial therapy. Pa- 
tients with necrotizing scleritis and vascular 
closure require high doses of systemic cortico- 
steroids, such as prednisone, 60 to 80 mg orally 
per day.'’® Patients with necrotizing scleritis 
who do not tolerate systemic corticosteroids 
may require cytotoxic immunosuppressive 
therapy.'’ Cytotoxic immunosuppressive 
agents, particularly cyclophosphamide, can be 
used alone or as an adjunct to corticosteroid 
therapy in patients who require an unaccepta- 
bly high dosage of corticosteroids to control 
their disease. Moreover, cytotoxic immunosup- 
pressive agents have been shown to be benefi- 
cial with or without systemic corticosteroids in 
the treatment of scleritis associated with colla- 
gen vascular diseases such as Wegener's granu- 
lomatosis and rheumatoid arthritis." 

Most cases of diffuse or nodular scleritis will 
respond to either nonsteroidal anti-inflamma- 
tory agents or systemic corticosteroids. If these 
agents fail to control the disease when used 
alone or if the dosages necessary to control the 
disease cannot be tolerated, then combination 
therapy with lower doses could be considered. 
The corticosteroid-saving effect of nonsteroidal 
anti-inflammatory agents can be used to advan- 
tage in severe, resistant cases of diffuse or 
nodular scleritis that would otherwise require 
high-dose systemic corticosteroids or perhaps 
even cytotoxic immunosuppressive agents for 
control. 
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Quantifying Visual Field Damage Caused by Cataract 





Urs Guthauser, M.D., and Josef Flammer, M.D. 


We studied the influence of cataracts on visu- 
al fields in 36 eyes of 36 patients before and 
after cataract extraction with intraocular lens 
implantation. Lens opacity was quantified 
with a slit-lamp system. The influence of cata- 
racts on the visual fields was slightly but 
statistically significantly larger in the central 
than in the midperipheral region. Lens opacity 
had a high correlation with the visual field 
changes and moderate but still significant cor- 
relation with changes in visual acuity. Mea- 
surement of stray light back scattered from the 
cataractous lens allowed prediction of the in- 
fluence of cataract on the visual field. 


WHEN INTERPRETING visual field test results, 
the influence of the disease investigated, such 
as glaucoma, as well as the eventual influence 
of concomitant abnormalities, such as lens 
opacities, must be considered. This differentia- 
tion has primarily been done qualitatively. It 
was assumed that a cataract influences the 
visual field diffusely, whereas glaucoma pro- 
duces typical scotomas. Recent studies, howev- 
er, have shown that glaucoma also produces 
diffuse visual field damage.' These diffuse de- 
fects can be found in conjunction with or inde- 
pendently of scotomas.* Diffuse damage seems 
to occur more frequently in young glaucoma 
patients and is clearly pressure dependent, 
whereas localized damage is more common in 
older patients.’ In order to avoid missing dif- 
fuse visual field damage caused by glaucoma, a 
quantitative differentiation from cataract- 
related field loss is necessary. 

Different methods‘ have been used to quanti- 
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fy cataract density. Our approach is to measure 
the stray light back scattered from the lens. The 
rationale for this method is based on the as- 
sumption that cataracts influence the visual 
field less by the loss of light transmission than 
by the distortion of the retinal image by stray 
light. We measured stray light by using a slit- 
lamp system that contains a computerized dig- 
ital densitometer.’ The purpose of this study 
was to test whether the visual field changes 
caused by cataract are related to the amount of 
scattered light. It was not the intention to 
determine the mechanism by which the cata- 
racts influence the visual fields, but merely to 
establish empiric relationships. 


Material and Methods 


To study the influence of cataracts on the 
visual field and visual acuity, we examined 
patients who underwent cataract surgery com- 
bined with intraocular lens implantation. In- 
cluded were cataract patients with otherwise 
normal eyes as well as patients with ocular 
hypertension or early stage glaucoma. Eyes 
that did not attain a postoperative visual acuity 
of 15/20 or better and eyes with glaucomatous 
defects were excluded. A total of 36 eyes (36 
patients) were included in the final analysis. 
The patients ranged in age from 30 to 83 years 
(mean, 67 years). Preoperative intraocular 
pressure was normal in all patients. 

Two weeks before surgery a visual field test 
and a lens test as well as a general ophthalmo- 
logic examination were performed. Two 
months after surgery, visual field testing and a 
general ocular examination were repeated. The 
quantification of the lens opacity was made 
using a slit-lamp system’ that contained a com- 
puterized digital densitometer. The width of 
the slit was 3 mm. Two scans across the center 
of the lens at 90 and 180 degrees were made. 
The integrated value of the lens density in the 
3-mm central zone of the lens was calculated. 
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Fig. 1 (Guthauser and 
Flammer). A sample printout 
of the Octopus automated 
perimeter program G1. This 
patient with cataract had typ- 
ically diffuse damage, which 
A a is characterized by a mean 

: defect (MD) of 22 and a de- 

creased mean sensitivity 
(MS) of 5.1. 


PHASE 1 | Sel | 22 | s] |} 9.8] 1.9 | | 9.0 | 

PHASE 2 | 5.2 | 22.9] 5.4 | |} 9.6 | 1.3 | | 9.9 | 

MEAN CJ 22.9 | taf) O08 Tr | UT OS08) 
G1 Program 


The visual fields were tested with program 
G1 on the Octopus automated perimeter (Fig. 
1).’ This program measures the differential 
light sensitivity threshold quantitatively in the 
central part of the visual field out to an eccen- 
tricity of 26 degrees. The peripheral area is 
measured semiquantitatively out to an eccen- 
tricity of 56 degrees. The program allows a 
global retest of the central part of the visual 
fields, which is helpful for further evaluation of 
borderline visual field damage. In order to 
obtain accurate visual field test results, global 
retests were performed in all patients. The 
program G1 calculates automatically the so- 
called visual field indices,’ which quantify vis- 
ual field damage and allow a comparison with 
normal values. By using the mean defect and 
corrected loss variance indices, a diffuse defect 
may be distinguished from a more localized 
one. Patients with established postoperative 
scotomas (marked increase of corrected loss 
variance) were excluded from the study. The 


visual field index mean sensitivity was used for 
the final analysis. 





Results 





We first tested whether cataracts differ in 
their influence at different test locations in the 
visual field. For this purpose we calculated the 
difference of the differential light sensitivity 
threshold before and after cataract surgery at 
each test location, averaged over the total pop- 
ulation tested. The influence of the cataracts 
was diffuse, but not totally uniform (Fig. 2). 
The central region was slightly more influenced 
than the midperiphery, and the amount of 
influence correlated with eccentricity of the test 
location (r = —.78; P = .0001) (Fig. 3). Further, 
there was no significant difference between the 
upper and the lower half of the visual field. 
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Fig. 2 (Guthauser and Flammer). Quantitative influence of cataracts at different test locations averaged over 
the total population tested (differential light sensitivity threshold loss in decibels). 
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Fig. 3 (Guthauser and Flammer). Relationship be- 
tween the retinal sensitivity loss (in decibels) caused 
by cataract and the eccentricity of the test location. 


Next, we calculated the change of the overall 
mean defect of the visual field before and after 
surgery for each patient. This difference in 
mean defect was then correlated with the mea- 
sured lens opacity. The different mean defect 
was closely related to the lens opacity (r =.9; 
P = .0001) (Fig. 4). The corrected loss variance 
index decreased on the average slightly but 
Statistically significantly after cataract surgery 
(P = .0007 on a Wilcoxon-Mann-Whitney test). 
The change in corrected loss variance did not 
correlate with the lens opacity. 

We then correlated preoperative visual acuity 
with preoperative lens opacity. Preoperative 
visual acuity was correlated with the density of 
the cataracts (r = —.56; P = .001), although to a 
lesser extent than with the difference in mean 
damage (Fig. 5). 

Finally, we tested whether the visual field 
changes could also be predicted by the change 
in visual acuity by correlating preoperative vis- 
ual acuity with the change in mean damage. We 
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Fig. 4 (Guthauser and Flammer). Relationship be- 
tween the difference of the preoperative and post- 
operative mean defect (MD) in decibels and lens 
opacity. 


found a significant relationship (r = —.62; P = 
.0003) (Fig. 6). Note: only patients who reached 
a postoperative visual acuity of 15/20 or better 
were included in this analysis. 





Discussion 





When following up patients with glaucoma, 
it is important to know how much visual field 
damage is the result of glaucoma and how 
much the result of cataract. We quantified cata- 
ract density based on the measurement of stray 
light and correlated it with visual field changes. 
We assumed that the stray light disturbance of 
the retinal image is a major factor for the visual 
field changes produced by cataracts. Our re- 
sults indicate that cataracts cause, as expected, 
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Fig. 5 (Guthauser and Flammer). Relationship 
between the preoperative visual acuity and lens 
opacity. 


diffuse visual field damage.” However, while 
the influence is diffuse, it is not homogeneous. 
The central area of the field is slightly, but 
statistically significantly, more influenced than 
the midperipheral area. 

The measured lens opacity was highly corre- 
lated with the change in mean sensitivity from 
the preoperative to the postoperative stage. 
This confirms that by using measurements of 
stray light, a prediction of the influence of the 
lens opacity on the visual fields can be made. 
This correlation was high, although we did not 
analyze the results by type of cataract. Differ- 
ent types of cataracts may have a similar influ- 
ence on the visual field if they produce the 
same amount of stray light. 

The stray light measurement also allowed a 
prediction of the preoperative to postoperative 
change in visual acuity. This correlation, how- 
ever, was less strong and would have been 
even weaker if we included eyes with macular 
changes. 
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Fig. 6 (Guthauser and Flammer). Relationship be- 
tween the difference of the preoperative and postop- 
erative mean damage (MD) in decibels and the pre- 
operative visual acuity. 


The change in mean defect was correlated 
with the change in visual acuity (r = —.62). 
Therefore, we could, to a limited extent, esti- 
mate the influence of cataracts on the visual 
field by knowing the visual acuity" if the macu- 
la were intact. 

Since the influence of a cataract on the visual 
field is not homogeneous, the visual field index 
corrected loss variance is, on the average, lower 
after cataract surgery in normal eyes. Given 
that the influence of cataracts on the visual 
fields can be predicted by measuring stray 
light, we developed a simplified technique to 
quantify the lens opacity. The new instrument” 
will allow the clinician to measure quickly and 
accurately lens opacity. 
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EDITORIAL 





Balancing the Benefits and Risks of Intracameral Thrombin 


Thomas M. Aaberg 


Intraocular hemorrhage during closed-eye 
surgery can usually be managed by increasing 
the intraocular pressure until the bleeding site 
is identified and eliminated by diathermy or 
photocoagulation. Air or some form of contain- 
ment surface may retard hemorrhage as clot 
formation occurs. Occasionally, however, hem- 
orrhage cannot be controlled by these conven- 
tional techniques. In such cases, the use of 
intraocular thrombin by continuous infusion or 
interrupted injection at sites of uncontrolled 
bleeding may be useful.' The ability to reduce 
bleeding by thrombin infusion has been a valu- 
able surgical addition for both open- and 
closed-eye surgery where conventional options 
are limited. In open-eye surgery, for example, 
the option of increasing intraocular pressure to 
tampon a bleeding site is not possible until the 
eye can be closed. 





See also p. 414. 





Given that the available commercial throm- 
bin preparations are of bovine origin, the 20% 


485 


incidence of postoperative inflammatory reac- 
tion reported by Thompson and associates! is 
not surprising. The reaction, manifested as 
sterile hypopyon or fibrin deposition, was pri- 
marily seen in diabetic eyes and may have been 
related to both the thrombin and the diabetic 
process. The extent of the inflammatory re- 
sponse can be minimized by discontinuous in- 
fusion, injecting small quantities of thrombin 
only during times of uncontrolled bleeding, 
and by careful attention to exchange of 
thrombin-containing infusate with either a 
thrombin-free solution or with air at the end of 
the procedure. The infused thrombin saturates 
the intraocular tissue, however, so all foreign 
thrombin and associated protein cannot be 
eliminated. 

Previous thrombin toxicity studies on rabbit 
eyes’ and sheep eyes? have suffered from the 
lack of comparability to human tissue. In this 
issue of THE JOURNAL, McDermott, Edelhauser, 
and Mannis‘ address manufacturer differences 
in thrombin preparations and the effects of 
various additives in these preparations. They 
used whole human corneas for in vitro perfu- 
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sion of corneal endothelium, allowing continu- 
ous visual monitoring of the endothelium and 
measurement of corneal thickness. The authors 
emphasize that the manufacturers of available 
thrombin preparations have based their prod- 
ucts on topical use. Thus, intracameral use was 
not considered when the products were evalu- 
ated for purity, contaminants, pH, osmolality, 
and solvent vehicle. 

McDermott, Edelhauser, and Mannis showed 
the presence of certain additives to be poten- 
tially toxic to ocular tissue. The high intraocu- 
lar glycine level after perfusion with 100 U/ml 
of Thrombostat was 2.5 times the serum level 
previously associated with visual symptoms 
manifested as a “graying of vision” following 
bladder irrigation.’ The other thrombin prepa- 
ration tested, Thrombinar, does not contain 
glycine. This latter preparation, however, 
caused a significant prolongation of the corneal 
deturgescence rate, by an unknown mecha- 
nism, after endothelial perfusion. This effect 
was seen after perfusion in excess of one hour 
but, as the authors indicate, this endothelial 
effect could be additive to the inherent endo- 
thelial abnormalities of a diseased cornea, such 
as those found in a diabetic eye. Dose-related 
hyperosmolality (1,000 U/ml) thus must be of 
concern when using prolonged thrombin 
infusate. 

Finally, despite identical activity, solutions 
of thrombin from different manufacturers were 
found to have different electrophoretic patterns 
of nonthrombin protein. McDermott, Edel- 
hauser, and Mannis postulate that these 
substances may in turn serve as immunogenic 
stimuli. The lack of standardization of protein 
content and quantity in products of identical 
activity serves only to confuse the ophthalmic 
surgeon. 


The ophthalmic surgeon, therefore, must use 
intracameral thrombin prudently as a limited 
adjunct during uncontrolled hemorrhage or as 
prophylaxis to prevent potential hemorrhage. 
Most of the effects reported by McDermott, 
Edelhauser, and Mannis remain as potential 
problems even if the thrombin infusate is used 
in limited quantities and thoroughly removed. 
As experience and awareness increase, oph- 
thalmic surgeons will be able to determine the 
true clinical significance of these potential side 
effects. 





Reprint requests to Thomas M. Aaberg, M.D., Depart- 
ment of Ophthalmology, Emory University Clinic, 1327 
Clifton Rd. N.E., Atlanta, GA 30322. 
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Aqueous Flare and Cell Meter in 
lridocyclitis 


Kunitoshi Ohara, M.D., 
Akira Okubo, M.D., 
Atsuko Miyazawa, M.D., 
and Hiroshi Sasaki, M.D. 


Department of Ophthalmology, Jichi Medical 
School. 


Inquiries to Kunitoshi Ohara, M.D., Department of Oph- 
thalmology, Jichi Medical School, 3311-1 Yakushiji, 
Minamikawachimachi, Kawachi-gun, Tochigi-ken 329-04, 
Japan. 

A laser flare-cell meter has been developed 
that was reported to quantify the flare and cells 
in postoperative inflammation following intra- 
ocular lens implantation.’ We used this instru- 
ment in a patient with Behcet's disease to test 
its application in endogenous uveitis. 

On examination May 6, 1988, a 27-year-old 
woman with Behcet’s disease was noted to 
have hypopyon iridocyclitis in the left eye. Her 
right eye had been aphakic for two years after 
extracapsular cataract extraction and the left 
eye had a mature cataract. Best-corrected visual 
acuity was R.E.: 20/60 and L.E.: hand motions. 
The hypopyon diminished within one week 
after topical treatment. On May 18, 1988, we 
noted severe iridocyclitis in the right eye, but 
no hypopyon was seen. However, the next day 
the hypopyon developed in the right eye. This 
was treated with subconjunctival corticosteroid 
injection and oral corticosteroids. 

We used a laser flare-cell meter that consisted 
of a helium-neon laser beam scanner and a 
photomultiplier, which was interfaced with a 
personal computer with a monitor display and 
a printer.! We converted the photon count for 


the flare to a bovine serum albumin concentra- 
tion using the following equation: 


Y = X" x 4.65, 


where Y and X represented albumin concentra- 
tion (mg/dl) and photon count, respectively (Y. 
Tsurimaki and M. Sawa, unpublished data). 
The data were expressed as an average of five 
readings for each measurement. 

The laser flare-cell meter demonstrated an 
albumin concentration of 9,019 mg/dl and 63 
cells/0.075 mm? in the left hypopyon iridocycli- 
tis and an albumin concentration of 3,268 mg/dl 
and 52.6 cells/0.075 mm? in the right hypopyon 
iridocyclitis (Figure). Both hypopyons disap- 
peared after one week, but albumin concentra- 
tions remained at R.E.: 643 mg/dl and L.E.: 499 
mg/dl, and the cell counts were R.E.: 1.0 + 
1.4/0.075 mm? and L.E.: 0.6 + 0.9/0.075 mm’ on 
May 25, 1988. 

The laser flare-cell meter has been used to 
compute the aqueous flare and cells in patients 
after extracapsular cataract extraction and in- 
traocular lens implantation (Y. Tsurimaki, M. 
Sawa, H. Shimizu, unpublished data). The 
flare-cell meter clearly quantified the hypopyon 
iridocyclitis in Behcet’s disease, which is char- 
acterized by ocular attacks associated with se- 
vere cellular reaction in the anterior chamber.” 
The range of the aqueous protein expressed by 
albumin concentration exceeded those seen in 
postoperative iridocyclitis, but the cell counts 
were in the same range (Y. Tsurimaki, M. 
Sawa, H. Shimizu, unpublished data). The data 
suggested the applicability of the flare-cell 
meter for quantifying aqueous flare and float- 
ers. Its use can minimize individual and inter- 
hospital variations in the quantification of iri- 
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Figure (Ohara and associates). Aqueous protein 
and cell count of the hypopyon iridocyclitis. Circles 
and squares indicate values in the right and left eyes, 
respectively. Asterisks indicate values obtained in 
the most apparent hypopyon. 


docyclitis and make quantitative evaluation of 
surgical trauma and various therapeutic effects 
more accurate and reliable. 

The validity of the instrument in various 
types of endogenous uveitis remains to be de- 
termined, since we do not know if albumin 
represents the major component of aqueous 
proteins in these eyes.* The scattering from the 
cells may interfere with the flare measurement, 
and endogenous uveitis may show mild inflam- 
mation with scarce aqueous cells that could not 
be detected through the small scanning win- 
dow of the present model (K. Ohara, unpub- 
lished data). 
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The Effect of Bromocriptine on 
Anterior Uveitis 


Alan G. Palestine, M.D., 
and Robert B. Nussenblatt, M.D. 


Laboratory of Immunology, National Eye Institute, 
National Institutes of Health. 


Inquiries to Alan G. Palestine, M.D., Laboratory of 
Immunology, National Eye Institute, 9000 Rockville Pike, 
Bldg. 10, Rm. 10N222, Bethesda, MD 20892. 

The role of neuroendocrine modulation of 
the immune system has received increasing 
attention over the past several years. Prolactin, 
a lactogenic hormone produced by the anterior 
pituitary, has been shown to be a potent modu- 
lator of the immune response in experimental 
animals. It is now clear that prolactin can stim- 
ulate immune responsiveness and that decreas- 
es in the circulating prolactin level can result in 
immunosuppression of both cellular and hu- 
moral immune processes in a variety of animal 
model systems.” In addition to its effect as a 
sole agent, prolactin can enhance the effect of 
cyclosporine as an immunosuppressive agent 
in animal models.” 

There is, however, less evidence that circu- 
lating prolactin can affect the immune response 
in humans. Bromocriptine is a dopamine ago- 
nist that is a potent suppressor of prolactin 
release from the pituitary. We have demon- 
strated an enhancement of the effect of 
cyclosporine by bromocriptine in intermediate 
and posterior uveitis.* Additionally, five pa- 
tients with anterior uveitis who were treated 
with bromocriptine for either hyperprolactin- 
emia or Parkinson’s disease were described by 
others to have concurrent marked improve- 
ment in the activity of their uveitis.‘ Although 
the immunologic mechanism of idiopathic 
anterior uveitis is not clear, it is presumed to be 
a disorder mediated by the immune system. 
Suppression of the immune response is thera- 
peutically useful in this disease. 

Based upon our experience with regulation of 
the immune response by prolactin in ocular 
inflammatory models and the observations 
above, we designed a small, masked random- 
ized study to test whether a dramatic treatment 
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effect could be detected in patients with ante- 
rior uveitis who were treated with bromocrip- 
tine. Patients were eligible for this study if they 
had recurrent anterior uveitis with four or more 
attacks of inflammation in the previous year. 
Of the 14 patients enrolled in this study, eight 
were treated with bromocriptine and six were 
given a placebo. The patients initially received 
a dosage of one-half tablet per day. This in- 
creased to one tablet four times per day over 
the next several weeks. The final dose of 
bromocriptine was therefore 2.5 mg four times 
per day. Both the patients and physician were 
masked as to the therapy. Patients were then 
monitored for the number of episodes of ocular 
inflammation that occurred over the next year. 
Before the study began, it was decided that a 
patient who had zero or one recurrence during 
the year would be considered to have a positive 
therapeutic response and that patients with 
two or more recurrences would be considered 
to have not responded to therapy. Each ocular 
inflammatory event was treated in a standard- 
ized manner with topical prednisolone acetate 
in a tapering dose schedule. In addition to the 
clinical endpoint, serum was sequentially as- 
sayed for prolactin and for the presence of 
antiribonucleoprotein antibody. 

Two patients who had been treated with 
bromocriptine and one patient who had been 
treated with placebo did not wish to continue 
in the study for an entire year. The number of 
recurrences of ocular inflammation in the pa- 
tients who did complete the study is shown in 
the Table. There was no dramatic effect with 
bromocriptine therapy, as might have been 
expected. Furthermore, the variability of attack 
frequency was demonstrated in that three pa- 
tients who had four episodes in the previous 
year had less than two episodes during the 
study when treated with placebo. The mean 
serum prolactin level in patients treated with 
bromocriptine was 3.5 ng/ml before therapy 
and 1.7 ng/ml after three months. No change 
was seen in the patients treated with a placebo. 


TABLE 
RECURRENCE OF ANTERIOR UVEITIS IN PATIENTS 
TREATED WITH BROMOCRIPTINE OR PLACEBO 


BROMOCRIPTINE PLACEBO 
0 or 1 Recurrence 2 3 
>1 Recurrences 4 2 


However, four of six patients treated with 
bromocriptine had increased antiribonucleo- 
protein titers before therapy. All titers became 
negative after treatment (I. Hundert, M.D., 
unpublished data). No decrease was seen in 
the patients treated with a placebo. 

There are several possible explanations for 
the absence of a dramatic therapeutic effect of 
bromocriptine in anterior uveitis. The effect 
may be more subtle and a larger sample size 
may be required to demonstrate the effect. 
However, the patients treated by Hedner and 
Bynke* had abnormalities of dopamine that 
resulted in either hyperprolactinemia or in Par- 
kinson’s disease. Bromocriptine lowered their 
increased prolactin levels or, in the case of 
Parkinson's disease, normalized dopaminergic 
activity. Our patients all had pretreatment pro- 
lactin levels at the lower border of normal for 
our laboratory (5 to 15 ng/ml), which suggests 
that the neuroendocrine system has already 
regulated the serum prolactin in response to an 
enhanced immune response and that further 
reductions in the serum prolactin level would 
not have a profound effect on the immune 
system. Bromocriptine may be useful in ante- 
rior uveitis only in the small fraction of patients 
who have concurrent abnormalities in prolactin 
or dopamine. The decrease in autoantibody 
titer is the first demonstration of immune alter- 
ations induced by bromocriptine therapy alone 
in humans and suggests that there is a role for 
neuroendocrine regulation of the immune sys- 
tem, but that the mechanism of disease must be 
more clearly understood before this approach 
can be applied rationally. 
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Sarcoidosis is a multisystemic granuloma- 
tous disease of unknown origin.! The incidence 
of ocular and adnexal involvement is high and 
consists of various manifestations. We studied 
a case of well-documented systemic and ocular 
sarcoidosis with associated chorioretinal de- 
generation and retinal pigment epithelium hy- 
perplasia. 

A 36-year-old black man reported left abdom- 
inal pain and swelling in 1982. Although his 
history was significant for intravenous drug 
abuse, the patient had remained drug-free for 
the last six years. Results of initial examination 
demonstrated marked hepatosplenomegaly. 
Radiography of the chest showed pulmonary 
hilar enlargement. His angiotensin converting 
enzyme level was increased markedly to 131 
units (normal, 12 to 36 units). Results of liver 
function tests were abnormal, and a liver- 
spleen scan showed diffuse liver and spleen 
enlargement. A tentative diagnosis of sarcoido- 
sis was made and tissue specimens were ob- 
tained. 

A bone marrow aspirate demonstrated the 
presence of several lipid granulomas. A liver 
biopsy specimen showed randomly placed non- 
caseating granulomas. No foreign bodies, acid- 
fast bacteria, or fungus were seen. Results of an 
axillary lymph node biopsy showed loose gran- 
ulomatous collections of histiocytes with few 
multinucleated giant cells. Because of the 
markedly enlarged spleen, a splenectomy was 
performed. Results of histologic examination 
disclosed a 1,725-g spleen with multiple nonca- 
seating granulomas. The diagnosis of dissemi- 
nated sarcoidosis was confirmed and the pa- 
tient was sent for an ophthalmic examination. 

The patient was first seen in November 1982 
and complained of poor night vision. He de- 
nied any family history of ocular disorders. His 
visual acuity was 20/20 in both eyes, with nor- 
mal anterior segments. Ophthalmoscopy dis- 
closed marked, diffuse, bilateral asymmetric 
chorioretinal degeneration with retinal pig- 





Fig. 1 (Fiore and Friedman). Fundus photograph of 
patient’s right eye in 1982. Note choroidal degenera- 
tion and focal areas of retinal pigment epithelial 
hyperplasia. 


ment epithelium hyperplasia (Fig. 1). Retinal 
arteries were not attenuated, and there was 
neither optic nerve head pallor nor retinal glio- 
sis. A visual field test demonstrated large peri- 
macular relative scotomas sparing central vi- 
sion. Results of an electroretinogram showed 
markedly depressed rod and cone function bi- 
laterally. 

In May 1985 the patient was treated for an 
attack of severe bilateral granulomatous ante- 
rior uveitis with increased intraocular pres- 
sures. He responded to treatment with topical 
and systemic corticosteroids as well as oral 
acetazolamide. Results of ophthalmoscopic ex- 
amination were unchanged from those in 1982. 
In 1986 and 1987 he underwent excision of first 
a left and then a right testicular mass, which 
proved to be granulomatous inflammation of 
his epididymus. In May 1988 his visual acuity 
was 20/25 bilaterally. Inactive disease in both 
eyes was also noted. His chorioretinal degener- 
ation remained unchanged (Fig. 2). 

The ophthalmic manifestations of sarcoidosis 
are well known and can be separated into ante- 
rior segment disease, posterior segment dis- 
ease, and orbital disease.” The various posteri- 
or segment manifestations have included 
vitritis, periphlebitis, chorioretinitis, chorioret- 
inal nodules, and retinal neovascularization.” A 
review of the literature, however, has not dis- 
closed any description of widespread chorio- 
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Fig. 2 (Fiore and Friedman). Fundus photograph of 
patient's right eye in 1988. Degeneration and areas of 
hyperplasia have remained relatively stable. 


retinal degeneration and retinal pigment 
epithelial hyperplasia associated with 
sarcoidosis.** 

Our patient has unequivocal multisystem 
sarcoidosis. His ocular findings included a se- 
vere bilateral attack of granulomatous anterior 
uveitis and an unusual chorioretinal degenera- 
tion secondary to choroidal inflammation. 
There has been no evidence of any retinal 
degeneration on examination of several family 
members. We believe our patient’s unusual 
chorioretinal degeneration was secondary to 
previous sarcoid involvement. We suggest that 
any patient who has unusual chorioretinal de- 
generation and a possible history of sarcoidosis 
have a thorough examination for sarcoidosis. 
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One goal of extracapsular cataract surgery is 
to preserve adequate zonular and capsular sup- 
port for posterior chamber lens implantation. 
In the geriatric population, this objective is 
more difficult because of changes in the archi- 
tecture of the lens suspensory system with 
aging. Scanning electron microscopy per- 
formed by Farnsworth and Shyne’ showed 
gradual encroachment of the zonules upon the 
anterior capsular zonular-free zone. Stark and 
Streeten? stressed the relevance of this observa- 
tion to capsulotomy technique in extracapsular 
cataract surgery. 

We examined two patients whose zonules 
extended centrally on the anterior capsule, 
leaving central zonular-free zones of less than 
or equal to 2.1 mm in diameter. We measured 
these regions with the adjustable beam of the 
slit lamp, checked the accuracy of the beam 
calibration against a ruler, and reduced the 
figure by 14% to account for corneal magnifica- 
tion.’ 


Case 1 

A 64-year-old woman had undergone intra- 
capsular cataract extraction of the right eye in 
1976. In October 1985, her best-corrected visual 
acuity was 20/20 in both eyes. Results of slit- 
lamp examination of the left eye disclosed mild 
nuclear sclerosis with central encroachment of 
the anterior zonules, leaving a zonular-free 
zone of 2.1 mm in diameter (Fig. 1). Results of 
reexamination in October 1987 showed a fur- 
ther decrease in the zonular-free zone to 1.8 
mm. Results of gonioscopy were normal. 
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Fig. 1 (Koch and Liu). Case 1. Slit-lamp view of left 
eye showing central encroachment of the anterior 
zonules, leaving a zonular-free zone of 2.1 mm in 
diameter. 


Case 2 

A 75-year-old woman complained of blurred 
vision in her right eye. Her medical history was 
unremarkable. Best-corrected visual acuity was 
R.E.: 20/30 and L.E.: 20/20. Results of slit-lamp 
examination showed moderate nuclear sclero- 
sis and vacuolar changes in both lenses. There 
was central encroachment of the anterior zon- 
ules, leaving an anterior zonular-free zone of 
1.9 mm horizontally and 2.0 mm vertically in 
the right eye, and 2.1/2.1 mm in the left eye 
(Fig. 2). Results of gonioscopy were normal. 

Although neither patient has undergone the 
zonular stress test of extracapsular surgery, we 
believe that these cases exemplify the impor- 
tance of thorough preoperative evaluation of 
the zonular insertions before cataract surgery. 
Stark and Streeten? recommended that the size 
of the anterior capsulotomy be modified to 
avoid damage to the zonules. Because it is not 
feasible to perform standard extracapsular ex- 
traction or phacoemulsification through a 
2-mm anterior capsulotomy, in patients with 
small zonular-free zones, a certain percentage 
of anterior zonules will be lost. To minimize the 
risk of zonular disinsertions, we recommend 
the following: 

1. A small (5 to 6 mm) capsulotomy should be 
performed, either with scissors or using the 
capsulorhexis technique to minimize trauma to 
the equatorial and posterior zonules.? 





Fig. 2 (Koch and Liu). Case 2. Slit-lamp view of 
right eye showing a reduction of the anterior 
zonular-free zone to 1.9 mm horizontally and 2.0 mm 
vertically. 


2. Zonular traction should be minimized dur- 
ing nucleus extraction and cortex removal. For 
extracapsular extraction, we advise hydrodis- 
section and lens loop extraction to avoid the 
zonular trauma of nucleus expression. 

3. Before placement of the intraocular lens, 
retract the iris to inspect for zonular disinser- 
tion. 

4. Extensive implant manipulations, which 
can stretch or tear zonules, should be avoided. 
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Because secondary angle-closure glaucoma 
includes many different clinical entities, no 
general rules are applicable for the surgical 
treatment of this category of glaucoma. We 
effectively treated a patient with secondary 
angle-closure glaucoma by means of gon- 
iosynechialysis.'” 

For more than 15 years a 73-year-old woman 
had had glaucoma as the result of iritis. Previ- 
ous treatment consisted of trabeculectomy in 
the right eye and combined intracapsular cata- 
ract extraction and trabeculectomy in her left 
eye. Best corrected visual acuity was R.E.: 
20/200 and L.E.: 20/400. Intraocular pressure 
was 18 mm Hg in the right eye and 31 mm Hg in 
the left eye with 2% pilocarpine four times 
daily and 0.5% timolol twice daily. The left eye 
was aphakic with total posterior synechiae of 
the iris to the anterior hyaloid membrane. No 
floaters or aqueous flare were noticed and there 
was a small flat bleb at the 12 o’clock meridian. 
Gonioscopy disclosed that more than 75% of 
the angle was closed by peripheral anterior 
synechiae, which increased after the second 
trabeculectomy because of a postsurgical flat 
anterior chamber (no detailed information was 
available concerning the first trabeculectomy). 
Goniosynechialysis was performed to release 
the peripheral anterior synechiae of the angle 
by using sodium hyaluronate. However, severe 
iris hemorrhage hindered the use of the viscoe- 
lastic material and the maneuver was done by 
irrigating the anterior chamber with balanced 
salt solution. The lower 180 to 200 degrees of 
the peripheral anterior synechiae was released. 
In one week, argon laser gonioplasty was done 
to prevent re-closure of the angle. Preopera- 
tively, tonographic facility of outflow was 0.04 
and Po/C was 550; after goniosynechialysis, the 
values were 0.22 and 50, respectively. Four 
months after surgery intraocular pressure in 
the left eye was well controlled under 18 mm 


Hg with 2% pilocarpine four times daily and 
0.5% timolol twice daily. 

We chose goniosynechialysis in this case for 
the following reasons: (1) the main cause of 
high intraocular pressure was thought to be 
caused by the peripheral anterior synechiae; (2) 
the iritis had been quiescent for more than 
three years; and (3) filtering procedures failed 
twice with attendant progression of the periph- 
eral anterior synechiae formation. Certainly the 
best indication for goniosynechialysis is found 
in chronic angle-closure glaucoma, which can- 
not be controlled even after the release of 
pupillary block.'* Goniosynechialysis for sec- 
ondary angle-closure glaucoma is debatable be- 
cause the trabecular meshwork might have al- 
ready been severely damaged and no effective 
aqueous outflow can be anticipated even after 
the release of the peripheral anterior 
synechiae.* This case, however, demonstrates 
that there are certain kinds of secondary angle- 
closure glaucoma for which goniosynechialysis 
is effective and that the duration of peripheral 
anterior synechiae may not be an important 
factor to predict the outcome of the surgery.‘ 
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Digital ocular massage is used commonly to 
promote egress of aqueous fluid through a 
sclerotomy after glaucoma filtration surgery. 
Significant ocular trauma caused by digital ocu- 
lar massage is rare. We recently examined a 
patient with severe myopia who sustained a 
rupture in Bruch’s membrane and subretinal 
hemorrhage after vigorous ocular massage. 

A 47-year-old man had a history of severe 
open-angle glaucoma, severe myopia (—13.00 
+1.00 x 100), and a previous retinal detach- 
ment in his left eye. On initial examination, his 
visual acuity was 20/30 in the right eye and 
hand motions in the left. His intraocular pres- 
sures were above 50 mm Hg in each eye. The 
right eye showed a myopic fundus but no lac- 
quer cracks. Ocular medications included tim- 
olol 0.5%, 500 mg of acetazolamide twice a day, 
epinephrine 1% twice a day, and pilocarpine 
4% four times a day. After the administration of 
osmotic agents, the patient underwent a tra- 
beculectomy on his right eye. He developed an 
elevated, avascular bleb and low intraocular 
pressure. Two months postoperatively, his in- 
traocular pressure began to increase. He re- 
started his medications and began digital ocu- 
lar massage. Massage was performed for 20 
seconds four times a day. The patient was 
instructed to apply firm, direct pressure to the 
eye through the inferior eyelid. 

Immediately after an episode of particularly 
vigorous massage, he complained of decreased 
vision in the right eye. Visual acuity was count- 
ing fingers in the right eye. Fluorescein angiog- 
raphy confirmed a new foveal lacquer crack in 
proximity to the hemorrhage (Figure). No sub- 
retinal neovascularization was observed. Over 
the next six weeks the hemorrhage slowly 
cleared. Visual acuity improved to R.E.: 20/200. 
Although the patient was at risk for spontane- 
ous acute lacquer cracks with subretinal hemor- 
rhaging because of the severe myopia, it seems 
likely that vigorous massage of the eye caused a 
potentially weak area of Bruch’s membrane to 
rupture. >? Mechanical distention has been de- 
scribed as the most likely cause of cracks in 
Bruch’s membrane in patients with either se- 
vere myopia or contusion injury (choroidal 
rupture).’ Rupture of the associated lamina 
choriocapillaris accounts for the subretinal 





Figure (Ruderman, Jampol, and Krueger). Late 
phase fluorescein angiography of the right eye shows 
blockage by the hemorrhage. Some hyperfluores- 
cence shows through the lacquer crack (arrow). 


hemorrhage. We believe that digital ocular 
massage, therefore, should be performed with 
particular care, or not at all, in patients who 
have severe myopia and who are at risk for 
rupture of Bruch’s membrane. 
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The Klippel-Trenaunay-Weber syndrome con- 
sists of a triad of port-wine hemangiomas or 
vascular nevi of the skin, varicose veins, and 
soft tissue and bony hypertrophy. Originally 
described in 1900 by Klippel and Trenaunay,' 
Parkes-Weber’ added a fourth sign of arteriove- 
nous fistula in 1918. This syndrome shares 
features of the Sturge-Weber syndrome and 
these two entities may be separate or represent 
a spectrum of disease.” 

Many ocular findings have been described 
in Klippel-Trenaunay-Weber syndrome.*” The 
most frequent findings are vascular in nature, 
but glaucoma is also a prominent feature. 

A full-term boy was delivered by cesarean 
section after an uncomplicated pregnancy. At 
birth the child suffered from obstructive hydro- 
cephalus, seizures, and multiple cutaneous he- 


Fig. 1 (Reynolds and associates). View of the ante- 


rior chamber angle shows the trabecular meshwork 
not fully exposed with ciliary body muscle fibers 


inserting into the meshwork beams (hematoxylin and 
eosin, X 180). 


mangiomas. There was no limb hypertrophy. 
Cutaneous hemangiomas involved the right ab- 
domen, thigh, nose, and upper lip. Congenital 
glaucoma was diagnosed on the basis of en- 
larged corneas (12.5 mm in the right eye and 
11.0 mm in the left eye), marked epithelial and 
stromal corneal edema, and intraocular pres- 
sure of 37 mm Hg in both eyes. The optic disks 
could not be visualized. Bilateral trabeculec- 
tomies were performed at 4 days of age. Post- 
operatively, the glaucoma was well controlled 
with complete clearing of the corneal edema. 
The child continued to deteriorate systemical- 
ly, however, and died at 9 days of age. 
Results of histopathologic examination were 
similar in both eyes. The anterior chamber 
angle had an abnormal configuration. There 
was no scleral spur and the outer and longitu- 
dinal portions of the ciliary muscle inserted 
directly into the trabecular meshwork beams 
(Fig. 1). Only the apical aspect of the trabecular 
meshwork was exposed, and the iris root was 
displaced anteriorly with insertion into the tra- 
becular meshwork (Fig. 2). The ciliary process- 
es were displaced anteriorly. The border of the 





Fig. 2 (Reynolds and associates). Higher power 
view of the chamber angle shows endothelium and a 
thin basement membrane on the face of the mesh- 
work (hematoxylin and eosin, X 720). 
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exposed portion of the trabecular meshwork in 
some sections had an apparent continuous 
layer, much like a Barkan’s membrane. Few 
adjacent trabecular meshwork beams appeared 
thickened. The retina extended far anteriorly 
over the pars plana. Numerous dysplastic type 
rosettes were present, most of which had mul- 
tilayered nuclei that surrounded a lumen 
bounded by a limiting membrane. There was 
extensive gliosis of the inner retinal layers and 
in some posterior zones, the gliosis extended 
onto the surface of the internal limiting mem- 
brane. These gave the suggestion of multiple 
small astrocytic hamartomas. In most areas, the 
bipolar cell layer was not visible and segmental 
areas showed atrophy of photoreceptor ele- 
ments. The choroid contained no hemangi- 
omas. Both the disk and attached optic nerve 
stumps were gliotic. 

The cause of the glaucoma in the Klippel- 
Trenaunay-Weber syndrome and the Sturge- 
Weber syndrome is unclear. Mechanisms 
thought to produce glaucoma in the Sturge- 
Weber syndrome include anomalous angle de- 
velopment, vascular abnormalities producing 
increased episcleral venous pressure, hyperse- 
cretion, and a premature aging of the trabecu- 
lar meshwork.’ 

In our patient, multiple anomalous angle 
structures were demonstrated clearly on histo- 
pathologic examination. There was an absence 
of the scleral spur, the ciliary muscle inserted 
directly into the trabecular meshwork, the iris 
root inserted anteriorly, and an apparent con- 
tinuous layer of material similar to Barkan’s 
membrane was present. In our patient these 
findings support anomalous angle develop- 
ment, as occurs in infantile glaucoma, as the 
cause for the intraocular pressure rise in this 
syndrome. 

Additionally, the presence of retinal dyspla- 
sia, multiple astrocytic proliferations of the 
retinal nerve fiber layer, and the systemic au- 
topsy findings of multiple central nervous sys- 
tem abnormalities, including focal ependymal 
cell dysplasia and megaloencephaly, suggest a 
widespread defect of neuroectodermal devel- 
opment in this patient. 
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Light-Dependent Blood Glucose 
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Inquiries to Matthew E. Norman, M.D., Department of 
Ophthalmology, Keene Clinic, 590 Court St., Keene, NH 
03431. 

Fluorescein is often administered intrave- 
nously and orally to evaluate angiographic and 
fluorophotometric characteristics of diabetic 
microvascular disease. The bolus of intrave- 
nous fluorescein can cause transient nausea 
and occasionally, emesis. We studied the effect 
of fluorescein and its major fluorescent metabo- 
lite, fluorescein monoglucuronide, on the de- 
termination of blood glucose in light- 
dependent glucose analyzers. We evaluated 
hypoglycemic, hyperglycemic, and euglycemic 
blood samples with two popular at-home glu- 
cose analyzers (reflectance photometers)! and a 
laboratory spectrophotometer (absorption 
peak, 520 nm). The actual glucose serum level 
was determined by the Beckman Astra 8 glu- 
cose oxidase method. Fluorescein has been 
known to interfere with the laboratory analysis 
of cortisol, magnesium, total protein, phos- 
phorus, chloride, neonatal bilirubin, and crea- 
tine kinase-MB isoenzymes.” 

Blood samples were obtained from eugly- 
cemic volunteers. Supplemental glucose was 
added to six samples to simulate wide ranges of 
hyperglycemia. Heparinized whole blood sam- 
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ples were obtained from the Section of Labora- 
tory Medicine at the Mayo Clinic. These were 
allowed to stand for eight hours, thus depleting 
serum glucose. Six hypoglycemic samples with 
varying degrees of hypoglycemia and six 
normoglycemic samples were also assayed. All 
samples were evaluated with both the Ames 
Glucometer II and the Boehringer Mannheim 
Diagnostics Accu-Chek bG Monitor (reflec- 
tance photometers). Laboratory analysis was 
performed using the Beckman Astra 8 and the 
Rotochem Centrifugal Analyzer (spectropho- 
tometers). Fluorescein and fluorescein mono- 
glucuronide were added to simulate serum 
concentrations of each photofluore 30 minutes 
and one hour after injection.*” 

The accuracy of the Glucometer and Accu- 
Chek systems had been evaluated and was well 
documented before our study. The hypoglyce- 
mic samples ranged from 26 to 69 mg/dl. 
Normoglycemic values ranged from 70 to 100 
mg/dl. Hyperglycemic values ranged from 157 
to 328 mg/dl. The fluorescein and fluorescein 
monoglucuronide did not interfere significant- 
ly with any of the methods used. In levels 
under 40 mg/dl, the Accu-Chek photometer 
read “LLL.” Thus values were read accurately 
as hypoglycemic. The expected variance, cou- 
pled with the fluorescein and fluorescein 
monoglucuronide, did not in any samples yield 
a clinically significant variance (3% variance). 

The popularity of reflectance photometers for 
both at-home and in-the-office determination 
of blood glucose levels prompted us to find out 
whether the marked visible change in the color 
of plasma after the administration of fluoresce- 
in would interefere with the colorimetric deter- 
mination of glucose. Neither the reflectance 
photometers, nor the laboratory spectropho- 
tometers, were affected significantly by the 
photofluores. Because of interference on the 
previously mentioned laboratory tests, routine 
laboratory work should be delayed until fluo- 
rescein has been eliminated. 
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Traumatic Haemophilus influenzae 
Endophthalmitis 


John M. Pach, M.D. 


Inquiries to John M. Pach, M.D., Mayo Clinic, Roches- 
ter, MN 55905. 

Endophthalmitis secondary to Haemophilus 
influenzae has been reported following intraocu- 
lar surgery! and as a complication of sepsis’ and 
filtering blebs.’ 

A 3-year-old boy sustained a penetrating in- 
jury to the right eye by a dart. At the time of the 
accident he had an upper respiratory infection 
and mild conjunctivitis. A 4-mm corneal lacera- 
tion was repaired and vitreous, protruding 
around a subluxed lens, was swept from the 
wound. No cultures were obtained. Gentamicin 
(4 ug/ml) was irrigated into the anterior cham- 
ber. Subconjunctival cefazolin (50 mg), topical 
dexamethasone-polymyxin B sulfate and atro- 
pine ointments, and one dose of intravenous 
cefazolin (500 mg) were given. He was then 
referred to me for follow-up care. 

Three days later a cataract and a 1-mm hypo- 
pyon developed. The patient underwent a pars 
plana lensectomy and an anterior and mid vit- 
rectomy. The posterior retina was intact but 
edematous. The peripheral retina was obscured 
by a skirt of white inflammatory debris. No 
breaks were noted. Intravitreal gentamicin (0.1 
mg) and vancomycin (1.0 mg) and subconjunc- 
tival cefazolin (50 mg) and gentamicin (20 mg) 
were given. Intravenous chloramphenicol (25 
mg/kg of body weight) four times daily and oral 
rifampin (10 mg/kg of body weight) twice daily 
were given for ten days. 

Cultures of aspirated vitreous and lens grew 
Haemophilus influenzae type B. The strain was 
beta-lactamase negative, sensitive to gentami- 
cin, ampicillin, and chloramphenicol, and re- 
sistant to vancomycin. Intravitreal (500 pg/0.1 
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ml) and subconjunctival (125 mg/0.5 ml) ampi- 
cillin was injected on the first and fourth post- 
operative days. Intravenous hydrocortisone 
(1 mg/kg of body weight) four times daily was 
begun on the third postoperative day. Repeat 
cultures on two occasions were negative. 

On the 12th postoperative day, a pupillary 
membrane was removed through a pars plana 
approach to relieve pupillary block. Six days 
later an iris bombé recurred, necessitating a 
sector iridectomy and partial removal of a 
cyclitic membrane. By the 12th postoperative 
week the vitreous had cleared. The retina has 
remained attached but fibrosis beneath the 
macula with traction has developed. 

Although no cultures were obtained during 
the initial surgical procedure, the organism 
was probably present in the conjunctiva and 
respiratory tract and entered the eye after trau- 
ma.* Despite early intervention with vitrec- 
tomy and proper intraocular antibiotics, a 
marked inflammatory reaction ensued that re- 
sulted in a cyclitic membrane and subretinal 
fibrosis. 

Affeldt and associates® reported 27 cases of 
culture-proven endophthalmitis after penetrat- 
ing ocular injury. Gram-negative organisms 
accounted for 20% of the isolates. Haemophilus 
influenzae was not reported in their series of 
patients or in previous series of patients with 
traumatic endophthalmitis. 

Visual outcome in patients with H. influenzae 
associated with filtering blebs is poor. Only two 
of seven patients described by Mandelbaum 
and associates? retained some useful vision. 
Although the media was clear and the retina 
was attached in the present patient at the most 
recent follow-up examination, the final visual 
result cannot be determined at this time. 
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A New Instrument for Monitored 
Posterior Transscleral Drainage 


M. F. P. Griffiths, F.R.C.S., 
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Moorfields Eye Hospital. 

Inquiries to M.F.P. Griffiths, Department of Ophthalmol- 
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don SE18 4QH, England. 


During fluid-gas or fluid-silicone oil ex- 
change, significant amounts of subretinal fluid 





Fig. 1 (Griffiths and Cooling). Instrument with 
stilette depressed. 
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Fig. 2 (Griffiths and Cooling). Instrument with 
stilette retracted showing the grub screw. 


may be sequestered posteriorly, causing prob- 
lems with break closure. Under these circum- 
stances transscleral drainage may prove diffi- 
cult because of limited access, and because 
deviation of the eye may alter the location of 
the gas/oil bubble and flatten the retina at the 
intended drainage site. 

Monitored posterior transscleral drainage of 
subretinal fluid is an established technique in 
which a bent, 20-gauge needle attached to a 
syringe is used to indent and subsequently 
penetrate the sclera to release subretinal fluid.’ 
This necessitates a firm globe to allow con- 
trolled penetration and reduced risk of choroi- 
dal hemorrhage. Even in skilled hands, the 
technique has its dangers, and is both difficult 
to teach and to acquire. 

We have developed an instrument we believe 
is both safer and easier to use than a disposable 
needle and syringe. An indenting shaft houses 
a stilette that is held retracted on a spring until 
depressed (Fig. 1). The length of the stilette can 


be adjusted by a grub screw (Fig. 2). Internal 
penetration is monitored by indirect ophthal- 
moscopy. 

The instrument offers a number of important 
advantages in comparison with a disposable 
needle. Since there are no exposed sharp points 
or edges, the instrument is easier to introduce 
with less risk of inadvertent damage to posteri- 
or structures. The site of indentation is easier 
to identify and once the sclera and choroid 
have been penetrated, the shaft can be used to 
express subretinal fluid through the drainage 
site. 
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Administration of Eyedrops in Facial 
Palsy 


Seligman Rosenberg, M.D. 


Inquiries to Seligman Rosenberg, M.D., 301 Bridge Plaza 
North, Fort Lee, NJ 07024. 

Patients with facial palsy and its accompany- 
ing paralytic ectropion often exhibit the para- 
dox of excessive tearing and a dry corneal 
surface. A pocket of tears is formed in the 
paralyzed lower eyelid that overflows its mar- 
gins.! At the same time, the upper portion of 
the cornea becomes dry with fluid evaporation 
as the result of the inability to blink properly 
and the unopposed retraction of the levator 
palpebrae superioris muscle. 

The usual method of instillation of eyedrops, 
tilting the head backward and pulling down the 
lower eyelid to instill the eyedrops, in the lower 
cul de sac, worsens the situation by adding 
fluid to the overflowing lower fornix. Because 
of the paralysis of the lower eyelid fluid is not 
propelled over the corneal surface in these 
patients.” The proper method of instilling med- 
ication is to raise the upper eyelid with the 
head tilted downward, thus applying the medi- 
cation to the upper portion of the globe where 
relaxation of the functioning levator muscle can 
propel the fluid evenly over the corneal sur- 
face. 
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The proper instillation of medications in pa- 
tients with facial paralysis is necessary to en- 
sure their efficacy in treating the dryness of 
exposure keratitis or infected corneal ulcers. 
Medical personnel who treat patients with par- 
alytic ectropion as well as patients themselves 
should be instructed in this method. 
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A Simple Test for Detection of 
Monocular Functional Visual 
Impairment 
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Tiqva 49372, Israel. 

Functional visual impairment is caused either 
by malingering or by conversion neurosis. To 
malinger is to mislead willfully with regard to 
the existence or the seriousness of a disease or 
disability in order to gain a desired end.! The 
ocular symptoms of visual loss or impaired 
vision are usually monocular. 

The diagnosis of conversion neurosis (hyster- 
ia) is based on lack of organic cause of com- 
plaints and signs, which suggests hysteria.’ 
The involvement can be monocular or, more 
often, binocular. Young, otherwise healthy, 
women are more affected than men. 

The diagnosis of functional impaired vision 
relies on various tests, some of which are sim- 
ple office procedures. We want to add a simple, 
quick, and reliable office test, which can be 
performed with available equipment, to screen 
monocular functionally impaired vision. 

The test relies on Snellen’s test,! and makes 
use of a red and green filter in front of each eye 


while the subject views Ishihara color plates. 
The numbers and lines on the Ishihara plates 
are visible only through the red filter while 
plates 1 and 36 are seen by all persons, even if 
color blind, and are more distinctly seen 
through this filter. Even with a visual acuity of 
10/200 all the color plates are seen through the 
red filter. 

The test for detecting functionally impaired 
vision is performed as follows: after testing the 
visual acuity in each eye, the patient is given 
the red and green goggles (used for the Worth 
Four-Dot test) with the red filter over the eye 
with alleged impaired vision. With the sound 
eye the patient will not see the plates through 
the green filter. If the patient sees the plates, 
then the visual acuity must be 10/200 or better. 
If there is no response the goggles should be 
switched so that the red filter will be over the 
sound eye, and if the patient does not respond 
even to plates 1 and 36, then the test should be 
done without any goggles to prove the wrong 
answers. 

We have used this test in cases of malingering 
and hysteria with reliable and quick results. 
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Calibration of the Terry Keratometer 


Philip H. House, F.R.A.C.O., 
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Department of Ophthalmology, University of British 
Columbia. 
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Willow St., Vancouver, B.C., Canada V5Z 3N9. 

The Terry keratometer is a popular intraoper- 
ative keratometer used to control intraopera- 
tive suture tension to reduce early postopera- 
tive astigmatism after cataract surgery. 
Although a significant reduction in astigma- 
tism has been found at six weeks,' large dis- 
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crepancies between intraoperative astigmatism 
and postoperative readings on day 1 may oc- 
cur.? Masket® has shown recently that with 
strict control of bridle suture tension, eyelid 
speculum pressure, and most importantly, in- 
traocular pressure, a good correlation can be 
obtained. 

Instrument calibration may seem an obvious 
factor affecting the measurement of intraop- 
erative astigmatism, but it should not be ne- 
glected. 

We decided to evaluate a new Terry keratom- 
eter that had been installed and calibrated by a 
company technician on a Zeiss OP.MI.6 micro- 
scope. Calibration had been performed by the 
manufacturer before on-site installation. After 
installation a final check was made by the 
technician following the company’s installation 
protocol with a single 42.50-diopter steel ball. 
The keratometer was found to be accurate at 
this curvature. Our evaluation consisted of 
taking 50 pairs of astigmatic readings using the 
Terry keratometer and a standard office Bausch 
and Lomb keratometer known to be calibrated. 
A dyed contact lens held in a crimping device* 
was used as a model to simulate a cornea with 
0.25 to 8.25 diopters of astigmatism. In all 
cases, the Terry keratometer and the Bausch 
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Bausch and Lomb cylinder (D) 


Fig. 1 (House, Chauhan, and Hollands). A scatter- 
plot of 50 paired astigmatic readings taken on the 
model cornea using the Terry keratometer and the 
Bausch and Lomb keratometer. The solid line shows 
the least squares regression line of the data (Terry 
keratometer = —0.276 + 2.07 Bausch and Lomb) and 
the dashed line the ideal relationship with a slope of 
unity. 


and Lomb readings were taken by a different 
operator who was masked to the other’s re- 
sults. 

The scatterplot of these measurements (Fig. 
1) shows that although there is little scatter 
around the solid line of best fit (correlation 
coefficient, r = .931), the slope of the line is too 
steep, with a gradient of 2.07. Therefore, the 
keratometer had overread the astigmatism 
present as its magnitude increased. 

A recheck of the 42.50-diopter steel ball con- 
firmed that the instrument calibration was still 
correct at that point. Six spherical dyed contact 
lenses were then used to take paired (Terry 
keratometer and Bausch and Lomb) spherical 
readings. The lenses were chosen to cover the 
clinically important range from 40 to 50 diop- 
ters. Figure 2 shows that the Terry keratometer 
and Bausch and Lomb readings were equal 
when the solid regression line crosses the 
dashed line at 43.22 diopters. The Terry kera- 
tometer overread levels of astigmatism on 
spherical surfaces above this point and 
underread levels below it. 

Because our contact lens model had an undis- 
torted surface curvature of 44 diopters, the 
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Fig. 2 (House, Chauhan, and Hollands). A scatter- 
plot of six paired readings taken on dyed spherical 
contact lenses using the Terry keratometer and the 
Bausch and Lomb keratometer. Each contact lens 
was measured six times on the Terry keratometer and 
the error bars represent 1 standard deviation. The 
solid line shows the least squares regression line of 
the data (Terry keratometer = —53.59 + 2.24 Bausch 
and Lomb), and the dashed line the ideal relation- 
ship with a slope of unity. 
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Terry keratometer was frequently measuring 
one meridian with a curvature of less than 43 
diopters and one greater than 43 diopters. 
When the difference between these spherical 
measurements was taken to compute the astig- 
matism, their errors were summed, which re- 
sulted in the highly inaccurate results shown in 
Figure 1. 

Although many evaluations of the Terry ker- 
atometer have been reported, references to cal- 
ibration have seldom been made.?* We believe 
that our results demonstrate the inadequacy of 
checking the calibration of the Terry keratome- 
ter at only a single point across the operating 
range. We urge clinicians to ensure that calibra- 
tion errors are not being added to the many 
intraoperative factors that can result in discrep- 
ancies between intraoperative and postopera- 
tive cylinder measurements. 
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Three-Dimensional Computed 
Tomography in Orbital Osteoma 
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Inquiries to Kenji Ohtsuka, M.D., Department of Oph- 
thalmology, Sapporo Medical College, $.1, W.17, Chuo- 
ku, Sapporo 060, Japan. 

Three-dimensional computed tomography is 
a new imaging technique that is a significant 
advance in the evaluation of the facial skeleton. 
The image reconstructed from axial computed 
tomographic scans not only shows the surface 
of the facial skeleton in three dimensions, but 
can also create any reconstructed projection in 
order to clarify clinically significant regions. 
This technique is usually applied to cases of 
maxillofacial fractures'* and craniosynostosis.‘ 

A 25-year-old woman had a recent history of 
epiphora, conjunctival injection, and proptosis 
of the right eye. Best-corrected visual acuity 
was 20/20 in each eye and her extraocular 
movements were full. Results of external exam- 
ination showed bulging of the lower nasal rim 
of the orbital bone and 2 mm of right proptosis. 
On Goldmann perimetry, mild depression of 
the upper lateral visual field was noted. The 
remaining ophthalmologic results, as well as 
neuro-ophthalmologic findings, were normal. 
Plain skull roentgenograms showed a highly 
calcified mass in the medial wall of the right 
orbit. Coronal computed tomographic scans 
demonstrated that the tumor mass originated 
from the ethmoidal bone and extended into the 
maxillary sinus. The tumor had an isodensity 
area in the core. The optic nerve was displaced 
superiorly. 

For the three-dimensional images, un- 
enhanced axial computed tomographic scans 
were obtained in a dynamic mode using a bone 
algorithm in 1.5-mm contiguous slices along 
the Reid’s baseline. Forty-one slices were ob- 
tained from the maxilla to the top margin of the 
orbit. Because all of the scans were performed 
ona bone algorithm, total radiation exposure to 
the patient was only 20% to 30% of the total 
exposure from routine computed tomographic 
scans of the brain. The imaging data were then 
transferred to a minicomputer, which pro- 
duced the three-dimensional reconstructions. 
A pixel threshold level of 250 Hounsfield units 
was used to display osseous surfaces. Usually 
the posterior one third of each computed to- 
mography section was excluded from the three- 
dimensional images in order to emphasize the 
region of interest. The images were displayed 
on a high resolution computer monitor. The 
viewer rotated and sectioned the images 
around the x-, y-, and z-axes as desired. 
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Fig. 1 (Ohtsuka and associates). Three-dimensional computed tomographic scan demonstrating several 
reconstructed projections. The multilobular mass bulged laterally to the inferior orbital fissure and beyond the 
orbital rim in the inferomedial side. The tumor mass extended inferiorly to the maxillary sinus (arrowheads). 


The three-dimensional images reconstructed 
from axial computed tomographic scans 
showed the details of the superficial appear- 
ance of the orbital cavity and the maxillary 
sinus (Fig. 1). The tumor was multilobular and 
bulged laterally to the inferior orbital fissure 
and inferiorly to the maxillary sinus. The ante- 
rior margin of the tumor was beyond the orbital 
rim on the inferomedial side. The entire tumor 
was surgically extirpated without significant 
complication. The operative findings confirmed 
the roentgenographic assessment (Fig. 2). The 
tumor was diagnosed as an osteoma on patho- 
logic examination. 

The three-dimensional image reconstructed 
from axial computed tomographic scans added 
to the anatomic assessment of the orbital bone 
by showing the spatial relationship of the orbit- 
al cavity. Previously this relationship had been 
imaged from two-dimensional computed tomo- 
graphic scans by the clinician. In our study, the 
three-dimensional computed tomography 
allowed visualization of the superficial appear- 
ance of the osteoma, vividly demonstrated the 


spatial relationship between the tumor and the 
orbital cavity, and simplified the preoperative 
planning. While the three-dimensional images 
do not contain any information not found on 
the original computed tomographic scans, they 
create reconstructed projections that clarify 
clinically important regions. Because of the 
complicated structure of the tumor in our pa- 
tient, it was difficult to synthesize a precise 
three-dimensional mental image of the tumor 
from two-dimensional computed tomographic 
scans. Osteoma usually arises within the fron- 
tal and ethmoid sinuses and involves the orbit 
secondarily. Thus, the operative field extends 
not only to the orbital cavity but also to sinus- 
es, and an understanding of the spatial rela- 
tionship is needed for preoperative planning. 
Furthermore, the three-dimensional image is 
useful for evaluating disturbance of eye move- 
ments provoked by postoperative bony defects 
of the orbital wall. 

This technique is applicable not only to orbit- 
al bony tumors but also to different types of 
osseous lesions such as blowout fracture, fi- 
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Fig. 2 (Ohtsuka and associates). The resected 
tumor mass confirming the roentgenographic assess- 
ment of osteoma (bar = 1 cm). 


brous dysplasia, congenital or developmental 
bony asymmetry, and enlargement of various 
foramina.’ Because the orbital floor is thin, 
however, artificial small bone defects are made 
frequently in the three-dimensional image re- 
constructed from axial computed tomographic 
scans. Thus, careful analysis is needed for the 
evaluation of the small bone defects of the 
orbital floor, especially in blowout fractures. 
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Juvenile Asteroid Hyalosis and 
Pre-Descemet’s Dystrophy 


David G. Dodwell, M.D., 
Kevin Freeman, M.D., 
and David Shoch, M.D. 


Department of Ophthalmology, Northwestern Uni- 
versity. 


Inquiries to David Dodwell, M.D., New York Hospital, 
525 E. 68th St., F-835, New York, NY 10021. 

Asteroid hyalosis is a benign condition that is 
generally uniocular and is characterized by the 
presence of minute spherical bodies of calcium- 
phosphate-phospholipid complexes suspended 
in a normal vitreous.! Pre-Descemet’s dystro- 
phy is a symmetrical bilateral corneal degener- 
ation consisting of multiple small discrete opac- 
ities of lipid-like material in the pre-Descemet’s 
stroma.” Both conditions are considered aging 
degenerative conditions, which affect older in- 
dividuals. We studied the unusual association 
of asteroid hyalosis with pre-Descemet’s dys- 
trophy in a clinically healthy adolescent who 
had glucose-6-phosphatase-dehydrogenase de- 
ficiency. 

A 14-year-old Hispanic boy was seen at Chil- 
dren’s Memorial Hospital for a routine eye 
examination. He had no history of inflamma- 
tion or trauma. His refraction was —0.50 +0.75 
x 90 = 20/20 in the right eye and —0.50 +4.50 x 
73 = 20/50 in the left eye. Slit-lamp examination 
showed tiny pleomorphic opacities located in 
the posterior stroma immediately anterior to 
Descemet’s membrane in both eyes. The opaci- 
ties resembled dots, were semicircular, and 
were sometimes filamentary in configuration. 
Numerous discrete creamy white solid particles 
evenly suspended in the vitreous gel in the left 
eye were visible ophthalmoscopically (Figure). 
They returned to their original positions after 
ocular movement. 

Results of the remainder of the examination 
were normal. Results of fluorescein angiogra- 
phy and electroretinography were normal. A 
and B scan ultrasound of the left eye showed 
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Figure (Dodwell, Freeman, and Shoch). Fundus of 
the left eye demonstrating numerous asteroid bod- 
ies. 


the vitreous was partially separated from the 
retinal surface posteriorly. Within the vitre- 
ous gel were multiple reflective points con- 
sistent with asteroid hyalosis. Specular micros- 
copy of both corneas showed normal corneal 
endothelium. 

Serologic studies showed a high alkaline 
phosphatase level of 354 IU/l (normal, 40 to 128 
IU/l), not unusual in growing children. (Frac- 
tionation studies suggested the high alkaline 
phosphatase level was of bone origin, but there 
was no evidence of bony disease.) The patient’s 
parents and two sisters were examined for as- 
teroid bodies, but none were detected. 

Ultrastructural studies' of asteroid bodies 
show that they are primarily composed of mul- 
tilaminar phospholipids associated with 
calcium-phosphate complexes. They are likely 
deposited in successive layers and differ from 
calcium soaps since soaps are formed by bind- 
ing calcium to carboxyl groups of long chain 
fatty acids, which are not available in phospho- 
lipids. 

Asteroid hyalosis has been reported in indi- 
viduals under the age of 30 years.** Both cases 
were associated with severe ocular disease. The 
first case? occurred in an 11-year-old boy with 
Alstrém’s syndrome and associated bilateral 


retinal pigment epithelial degeneration, a flat 
electroretinogram, neurosensory deafness, 
and diabetes. The second case* occurred in a 
family with dominantly inherited skeletal dys- 
plasia, blindness, and deafness. A mother and 
three children had dense unilateral cataracts in 
one eye and severe myopia, retinal thinning, 
and decreased visual acuity in the fellow eye. 
An electroretinogram of the mother’s catarac- 
tous eye was flat and an ultrasound showed the 
retina to be attached. All three children had 
asteroid hyalosis in the eye with retinal thin- 
ning. Possibly the development of asteroid 
hyalosis was related to the severe retinal de- 
generation. 

Pre-Descemet’s dystrophy is a symmetrical 
bilateral corneal degeneration manifested by 
discrete, minute opacities of variable shape 
confined to the pre-Descemet’s stroma. This 
disorder is age-related and is usually without 
antecedent disease, although an association 
with X-linked recessive ichthyosis’ has been 
suggested. Histopathologic studies of pre- 
Descemet’s dystrophy by Curran, Kenyon, and 
Green? showed enlargement of the posterior 
stromal keratocytes by intracytoplasmic vacu- 
oles containing phospholipid and a lipofuscin- 
like lipoprotein complex. 

Our patient had normal retinal findings anda 
normal electroretinogram. The cause of the 
asteroid hyalosis remains unclear. His de- 
creased visual acuity in the left eye was proba- 
bly caused by anisometropic/astigmatic ambly- 
opia. 
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Superotemporal Coloboma of the 
Iris, Ciliary Body, and Choroid 


Michael C. Brodsky, M.D., 
Edward G. Buckley, M.D., 
John C. Crittenden, M.D., 

and Ruth H. Schirmer 

Duke University Medical Center. 


Inquiries to Edward G. Buckley, M.D., Duke University 
Eye Center, Box 3802, Durham, NC 27710. 

A healthy 8-month-old girl was referred for 
evaluation of microphthalmos of the right eye. 
She was the full-term product of a normal 
pregnancy, labor, and delivery, and had 
weighed 6 lb. 8 oz. at birth. 

During our examination she was able to fol- 
low an optokinetic target using either eye. The 
right eye was microphthalmic with a horizontal 
corneal diameter of 8 mm. A full-thickness, 
superotemporal iris defect extended from the 
10 to 12 o’clock meridian, producing a keyhole- 
shaped pupil (Figure, top). A small strand of 
iris bridged the colobomatous gap peripherally 
and a thin pupillary membrane extended across 
the pupillary border. The lens equator was 
flattened and irregular behind the iris defect. A 
contiguous area of bare sclera extended to the 
superotemporal equatorial retina (Figure, bot- 
tom). Refractive error was —0.50 +5.00 x 147. 
The optic disk, macula, and peripheral retina 
were normal. The left eye was normal. Com- 
puted tomography of the head showed no in- 
tracranial abnormalities. 

Atypical iris colobomas are congenital iris 
defects not located along the inferonasal line of 
closure of the embryonic fissure.’ In his review 
of ocular colobomas, Pagon? stated that since 
atypical iris colobomas do not represent defects 
in embryonic fissure closure, they are not as- 
sociated with chorioretinal or optic disk col- 
obomas. Atypical choroidal colobomas may 
originate from localized developmental 
neuroectodermal defects or from postinflam- 
matory scarring.’ We believe ours is a singu- 
lar case of atypical coloboma with contiguous 
iris, ciliary body, and retinochoroidal defects, 
and no evidence of pigment proliferation or 
clumping to suggest old inflammation. Klein’ 
performed histologic examination of one isolat- 
ed, atypical choroidal coloboma and found ir- 
regular folding and lack of normal differentia- 
tion of the outer layer of neuroectoderm, 
formation of cysts, absence of choroid, thin- 
ning of sclera, and extensive failure of retinal 
coaptation. In the absence of histologic verifi- 








Figure (Brodsky and associates). Top, Right eye 
demonstrating full-thickness, superotemporal iris 
defect, producing a keyhole-shaped pupil. A small 
strand of iris bridges the colobomatous gap adjacent 
to the corneoscleral limbus, and a thin strand of 
tissue extends across the pupillary border. Bottom, 
Posterior aspect of superotemporal retinochoroidal 
coloboma near equator of right eye. Note absence of 
pigment clumping or proliferation at the margin of 
the coloboma. 


cation, we suspect a similar focal malformation 
of neuroectoderm, unrelated to intrauterine 
inflammation. 


References 


1. Mann, I.: Developmental Abnormalities of the 
Eye, 2nd ed. Philadelphia, J. B. Lippincott, 1957, pp. 
74-93. 


Vol. 106, No. 4 


Correspondence 507 


te ge ed eee ee 


2. Pagon, R. A.: Ocular coloboma. Surv. Ophthal- 
mol. 25:223, 1981. 

3. Klein, B. A.: The pathogenesis of some atypical 
colobomas of the choroid. Am. J. Ophthalmol. 
48:597, 1959. 











Correspondence 





Correspondence concerning recent articles or other mate- 
rial published in THE JouRNAL should be submitted within 
six weeks of publication. Correspondence must be typed 
double-spaced, on 8% x 11-inch bond paper with 1¥2-inch 
margins on all four sides and should be no more than two 
typewritten pages in length. 

Every effort will be made to resolve controversies between 
the correspondents and the authors of the article before 
publication. 


The Effect of Suture Removal on 
Postkeratoplasty Astigmatism 


EDITOR: 

In the article, “The effect of suture removal 
on postkeratoplasty astigmatism,” by P. S. 
Binder (Am. J. Ophthalmol. 105:637, June 
1988), the location of the steepest meridian 
determined by qualitative analysis of the ker- 
atoscope photograph shown in Figure 2 is in- 
correct. We analyzed the photokeratograph 
shown in the figure using the computer- 
assisted method of photokeratograph analysis 
developed at our institution and determined 
that the axis of the steepest meridian is locat- 
ed at 40 degrees. This is much closer to the 
meridian of the upper suture (approximately 
45 degrees) than the meridian between the 
two sutures (approximately 10 degrees), 
which was said to be the steepest meridian. 
This error by an esteemed and capable oph- 
thalmologist points out one of the dangers of 
making decisions in corneal surgery based on 
qualitative analysis of photokeratographs. 
Since the upper suture is the major determi- 
nant of the corneal cylinder present, removal 
of both sutures would probably not yield the 
expected results. 

Corneal topographic analysis is still in its 
infancy. However, the need for accurate 
methods of analyzing corneal shape is well 
illustrated by examples such as this one in an 
otherwise excellent article by Dr. Binder. 

STEVEN A. DINGELDEIN, M.D. 
STEPHEN D. KLYCE, Ph.D. 
New Orleans, Louisiana 


Reply 








EDITOR: 

When I use a keratograph to help me de- 
cide which sutures to remove, I have not 
found it useful to use the comparator or to 
digitize the photographs because of the time 
required. I try to compare the keratometry 
astigmatism axis with what I visually deter- 
mine to be the offending tight suture or su- 
tures. In Figure 2 the two tight sutures 
marked by the large arrowheads were com- 
pressing the corneal wound creating a steep- 
ening in the axis between the two sutures. 
Drs. Dingeldein and Klyce have quantitatively 
determined that the axis of the steep meridian 
in the photograph that they analyzed from 
the article was closer to the superior arrow- 
head and not in between the two sutures. 

Using qualitative keratograph observations 
with this suture removal technique, it is not 
clinically significant whether the steep meridi- 
an was at axis 40, 30, or 20 degrees. What 
matters is that the patient did have two su- 
tures that were producing a steepening vector 
and therefore both had to be removed. On 
visual inspection of Figure 2, the upper su- 
ture appeared to be the major determinant of 
the corneal cylinder that was present. I have 
been using the corneascope for the last eight 
years and have been surprised to find that the 
removal of a given suture by using my tech- 
nique does not always provide the expected 
result. In this particular example, after the 
removal of the two sutures, the corneal topog- 
raphy resumed a more spherical configuration 
in the area of suture removal. 

PERRY S. BINDER, M.D. 
La Jolla, California 








Clinical Findings and Common 
Symptoms in Retinitis Pigmentosa 


EDITOR: 

In the article “Clinical findings and com- 
mon symptoms in retinitis pigmentosa” by 
J. R. Heckenlively, S. L. Yoser, L. H. 
Friedman, and J. J. Oversier (Am. J. Ophthal- 
mol. 105:504, May 1988), the authors stated 
that “many patients were told that their reti- 
nitis pigmentosa either came from their moth- 
er or that it was a genetic disease and that 
they should not have children.” In their dis- 
cussion they then state, “clearly, a number 
received misinformation from their ophthal- 
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mologist on the duration and effects of these 
diseases and on the hereditary aspects, par- 
ticularly on the issue on having children and 
receiving the retinitis pigmentosa gene from 
the mother.” 

It would be more accurate to state that 
many of the patients were under the impres- 
sion that their retinitis pigmentosa came from 
their mother or that it was a genetic disease. 
It has been my experience that information I 
thought was clearly relayed to patients con- 
cerning their disease, prognosis, or potential 
hereditary implications was either not under- 
stood correctly, misinterpreted, or simply not 
remembered correctly. Certainly, the authors’ 
basic message of making certain that ophthal- 
mologists need to present the correct genetic 
information or prognosis is important and not 
to be questioned. 

ANDREA CIBIS TONGUE, M.D. 
Lake Oswego, Oregon 


Reply 








EDITOR: 

The purpose of including commentary data 
in our report was to alert the ophthalmologic 
community that there are a number of mis- 
conceptions about retinitis pigmentosa on the 
part of patients, ophthalmologists, and other 
physicians. The UCLA Retinitis Pigmentosa 
Registry currently includes data on over 1,100 
patients. Over the last ten years, many pa- 
tients with non-X-linked retinitis pigmentosa 
have related repeatedly that they were told 
they inherited the disease from their mother 
and that they should not have children be- 
cause they would transmit the disease to their 
children, when this information was not cor- 
rect. 

Perhaps because X-linked retinitis pigmen- 
tosa is easy to remember and has features 
that catch the imagination, many profession- 
als believe that this form of retinitis pigmen- 
tosa is the most common type. In the United 
States, however, it represents less than 10% 
of cases. This is in contrast to Great Britain, 
where the prevalence of this type of retinitis 
pigmentosa has been reported to be up to 
25%. 

Obviously, many patients received accurate 
advice and counseling from their physicians. 
However, given the large number of patients 
who received misinformation, we believed it 
appropriate to relate this problem in the arti- 
cle. 

All physicians have witnessed the phenom- 


enon of patients not remembering or misun- 
derstanding verbally imparted information, 
but the problems occurring in patients with 
retinitis pigmentosa appear to go beyond this 
situation. We thank Dr. Tongue for raising the 
issue since we would prefer that our com- 
ments not be taken harshly but as information 
that will benefit ophthalmologists in counsel- 
ing patients with retinitis pigmentosa. 
JOHN R. HECKENLIVELY, M.D. 
SETH L. YOSER, M.D. 
LORRAINE H. FRIEDMAN, M.S. 
JILL J. OVERSIER, B.A. 
Los Angeles, California 
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Management of Anterior Chamber 
Depth After Trabeculectomy 


EDITOR: 

In the article “Management of anterior 
chamber depth after trabeculectomy” by W. 
C. Stewart and M. B. Shields (Am. J. Oph- 
thalmol. 106:41, July 1988), the authors advo- 
cated prompt intervention to correct the spe- 
cific cause of a Grade 4 anterior chamber 
(cornea-lens touch). However, the time inter- 
val between the development of the flat 
chamber and the diagnosis of its cause or sur- 
gical correction was not noted. Pressure 
patching for two days followed by intracamer- 
al injections of air or viscoelastic substance 
would be performed when a specific cause 
was not noted. Despite this treatment, the 
authors reported that the blebs in most eyes 
will fail. 

Although my experience over the past two 
years is in agreement with the authors’ 
findings of cataract development and persis- 
tent corneal edema in such eyes, it differs 
with respect to bleb function. In this period 
of time, seven of my patients (Table) devel- 
oped a Grade 4 posttrabeculectomy anterior 
chamber. All were immediately treated with 
frequent topical atropine sulfate 3% and topi- 
cal corticosteroids. In one eye with malignant 
glaucoma, concomitant use of mannitol and 
acetazolamide gradually deepened the cham- 
ber over three days. In the remaining six 
eyes, the chamber remained flat and reforma- 
tion of the anterior chamber with air and 
drainage of any suprachoroidal fluid was per- 
formed within eight to 12 hours. No eye was 
treated with patching or anterior chamber in- 
jection alone. 

In five of these seven eyes, succulent blebs 
were maintained and these patients have re- 
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TABLE 
FINDINGS IN EYES WITH GRADE 4 POSTTRABECULECTOMY ANTERIOR CHAMBER DEPTHS* 


i —— 880686 — 0 


PREOPERATIVE TIME BETWEEN FINAL 
PATIENT IOP POSTOPERATIVE SURGERIES IOP FOLLOW-UP 
NO. DIAGNOSIS (mm He) COMPLICATION (pays) (mm He) (mos) COMMENTS 
1 CACG 38 CH 10 14 12 Corneal edema, 
mature cataract 
2 POAG 42 CH T7 12 8 Cataract 
3 POAG 42 CE 3 10 10 Pseudophakia 
(cornea-IOL touch) 
4 CACG 37 CH 2 14 10 Cataract, flat bleb 
5 CACG 38 CH 2 18 4 Corneal edema, 
cataract 
6 TG 45 CE 3 22 10 Aphakic, flat bleb 
(cornea-hyaloid touch) 
7 CACG 38 MG — 10 18 Cataract 


al o oa en es a ed 


*CACG, chronic angle-closure glaucoma; POAG, primary open-angle glaucoma; TG, traumatic glaucoma; CH, choroidal hemorrhage; 
CE, choroidal effusion; MG, malignant glaucoma; IOP, intraocular pressure; IOL, intraocular lens. 


quired no postoperative glaucoma medica- 
tions. In two eyes, the blebs appear flat but 
the intraocular pressure remains controlled, 
although topical timolol maleate 0.5% and ac- 
etazolamide were reinstituted. All phakic eyes 
developed cataracts (one mature cataract re- 
quired extraction) and two eyes had persistent 
corneal edema despite normal intraocular 
pressure. 

There is no doubt that cornea-lens touch 
with hypotony is a significant postoperative 
complication of filtering surgery. My experi- 
ence would suggest that a more rapid surgical 
approach than that advocated by the authors 
may lead to preservation of the filtering bleb 
in these eyes. That is, once a wound leak is 
ruled out and cycloplegia is not immediately 
successful, reformation of the anterior cham- 
ber with air and drainage of any supra- 
choroidal fluid should be performed as soon 
as possible. Patching for two days or anterior 
chamber injections alone may unnecessarily 
delay surgical correction and threaten ulti- 
mate bleb function. 

STUART FOURMAN, M.D. 
Pittsburgh, Pennsylvania 


Reply 


EDITOR: 

We appreciate Dr. Fourman’s interest in our 
study. As he correctly points out, we did not 
detail the time course regarding management 
of patients with Grade 4 anterior chambers 
(cornea-lens touch). Our reason for this was 
that the main purpose of the paper was to 


emphasize the treatment of patients with 
Grade 3 anterior chambers (peripheral cornea- 
iris touch without central cornea-lens touch), 
showing that these patients do as well with 
conservative treatment as those patients 
whose chambers remain deep from the first 
postoperative day. 

With regard to the treatment of patients 
with Grade 4 anterior chambers, we certainly 
agree with Dr. Fourman that prompt surgical 
intervention is indicated when a specific 
cause for the flat anterior chamber can be 
identified. However, when there is no appar- 
ent cause, other than a large filtering bleb 
that suggests excessive filtration, it has been 
our impression that tamponade over the bleb 
for the first day or two after surgery is safer 
than immediate surgical reformation of the 
anterior chamber. We do agree, however, that 
placing pressure over the filtering bleb does 
increase the risk of losing the bleb (it is pri- 
marily for this reason that we do not advocate 
the procedure in patients with Grade 3 ante- 
rior chambers). Since Dr. Fourman’s results 
were significantly better than ours in terms of 
retaining functioning filtering blebs in the pa- 
tients with Grade 4 anterior chambers, it may 
well be that early surgical reformation of the 
anterior chamber is preferable to a day or two 
of pressure patching. We will certainly take 
this under advisement the next time we are 
faced with one of these difficult cases. 

WILLIAM C. STEWART, M.D. 
M. BRUCE SHIELDS, M.D. 
Durham, North Carolina 
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BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 





Acta XXV Concilium Ophthalmologicum, vol- 
umes | and II. Proceedings of the XXVth Inter- 
national Congress of Ophthalmology, held in 
Rome, Italy, May 4-10, 1986. Edited by F. Blodi, 
R. Brancato, G. Cristini, F. d’Ermo, |. Esente, A. 
Musini, B. Philipson, F. Pintucci, F. Ponte, and G. 
Scuderi. Milan, Kugler Publications & Ghedini 
Editore, 1988. Distributed by Kugler Publica- 
tions, Berkeley, California, for the U.S. and Can- 
ada; Ghedini Editore, Milan, Italy, for Italy; and 
Kugler Publications bv, Amstelveen, The Nether- 
lands, for all other countries. Two volumes, 2,807 
pages, index, illustrated. $475 


Reviewed by FRANK W. NEWELL 
Chicago, Illinois 


The publication of the Acta of the XXVth 
International Congress of Ophthalmology con- 
stitutes the finale of an exceptionally successful 
meeting. For those who attended the Congress, 
it recalls an absorbing, valuable, and rewarding 
interval. To those ophthalmologists who did 
not attend, the Acta provides some insight into 
the meeting. 

The Acta appears in two volumes, each of 
1,400 pages (each five pounds, plus) containing 
the papers of some 1,229 contributors. The first 
volume opens with the greetings of Francesco 
Cossiga, President of the Republic of Italy. It 
follows with greetings from the president of 
the Congress, Giuseppe Cristini, the president 
of the International Council, A. Edward 
Maumenee, and greetings of the Secretary 
General, I. Esente, and the inaugural address 
of Professor G. Scuderi, Executive Vice- 
President. The message of his Holiness, the 
Pope was given and the award of the Sir Stew- 
art Duke-Elder Medal to Professor Maumenee, 
the Gonin Medal to Professor Akira Nakajima, 
the presentation of the Jules Francois Medal to 
Dr. Pierre Amalric, the Javal Gold Award to 
Professor Scuderi. The closing ceremony to- 
gether with the Statutes and minutes of the 
International Federation of Ophthalmological 
Societies meeting are presented. The symposi- 
um of the International Study Committee for 
Teaching and Post Graduate Continuing Educa- 
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tion in Ophthalmology is provided and fol- 
lowed by the major themes of the meeting. 
Some 1,229 authors contribute 540 different 
articles, each of which is in English. 

The editors and publishers have performed a 
magnificent task in bringing this material to- 
gether. Every ophthalmologist must be indebt- 
ed to them for their energy and effort in bring- 
ing this meeting to us. 





Retinal Detachment. Diagnosis and Manage- 
ment, ed. 2. By William Edmunds Benson. Phila- 
delphia, J. B. Lippincott Company, 1988. 224 
pages, index, illustrated. $49.50 


Reviewed by Curistoper F. BLoDI 
Iowa City, Iowa 


William Benson’s second edition of Retinal 
Detachment: Diagnosis and Management im- 
proves on what was already an outstanding 
text. The wide scope, lucid writing, and brevity 
of the first edition made that work welcome 
introductory reading to the subject of retinal 
reattachment surgery. The second edition 
builds on these strengths in many important 
ways. 

The author's goal of delineating the underly- 
ing pathophysiology and care of rhegmatoge- 
nous retinal detachments is again attained by 
systemically describing the causes and predis- 
posing conditions of detachments, differential 
diagnosis, techniques for examining patients 
preoperatively, surgical technique, and post- 
operative management. The schematic draw- 
ings from the first edition are again used to 
great advantage and are combined with clear 
and more extensive clinical photographs. Many 
of the photographs in the first edition are used 
again. Panfundus (‘‘equator-plus”) photo- 
graphs are useful in orienting the beginner. 
Each chapter's references are current and ex- 
tensive. 

Some sections have been extensively rewrit- 
ten. The section on predisposing factors of 
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retinal detachment now includes a more clearly 
subdivided description of the role different 
types of cataract surgery play in retinal detach- 
ment. Additionally, the author clears up previ- 
ous confusing definitions in the first edition of 
Wagner’s and Stickler’s syndrome. 

The description of basic surgical techniques 
is a highlight of the book. Some schematic 
drawings have been improved over the first 
edition. The advantages and disadvantages of 
cryopexy and diathermy treatment to create 
thermal adhesions are clearly defined. The au- 
thor’s preference for episcleral implant surgery 
rather than scleral dissection can be seen here. 

The chapter on complex retinal detachment is 
an overview; the author does not attempt to 
discuss the myriad of procedures possible with 
vitrectomy surgery. Benson has added a better 
overview of the treatment of detachments 
caused by macular holes and has also increased 
the scope of discussion of surgery for prolifera- 
tive vitreoretinopathy. 

The second edition shows interesting chang- 
es in the recommendations of postoperative 
management. The routine for patients is much 
more liberal with regard to length of stay and 
activities. As the use of intraocular gas has 
become more popular, more attention is given 
to gas-induced postoperative problems. 

This new edition has an additional chapter 
concerning new techniques for retinal reattach- 
ment. This is a brief overview with a somewhat 
negative bias. Contrary to the text, primary 
vitrectomy without buckling cannot be easily 
compared to pneumatic retinopexy. Although 
each procedure uses gas to flatten the retina, 
the first permanently and completely removes 
vitreous traction from the retinal breaks and is 
therefore a more extensive and complete proce- 
dure. 

The strengths of this book are many. While it 
makes no attempt to be encyclopedic, this sec- 
ond edition is a wonderful text for the ophthal- 


mology resident, beginning retina fellow, and 
general ophthalmologist practicing retinal de- 
tachment surgery to begin reading. 


Diseases of the Orbit. A Multidisciplinary Ap- 
proach. By Jack Rootman. Philadelphia, J. B. 
Lippincott Company, 1988. 704 pages, index, 
illustrated. $115 


Reviewed by JOHN S. KENNERDELL 
Pittsburgh, Pennsylvania 


This is an excellent compilation of the experi- 
ences of a superb orbital surgeon. As a bonus, 
the author is an artist and the three- 
dimensional images of the orbit from the major 
surgical points of view are themselves worth 
the price of the book. The anatomy is clear and 
well contrasted. The chapters on pathophysio- 
logic patterns of orbital disease and the ana- 
tomic patterns of orbital disease are particular- 
ly appropriate for the student or resident who 
is being introduced to orbital disease. The vari- 
ous diseases of the orbit in later chapters are 
described clearly and without excessive text. I 
particularly liked the references at the end of 
each chapter, which are categorized according 
to topic for convenience for those interested in 
researching a particular problem. 

Some of the new procedures such as the use 
of lasers in orbital surgery and the more exten- 
sive orbital decompressions were not men- 
tioned. The author has limited the text to his 
own extensive experience at the time of the 
writing of this book. This textbook is a must for 
residents in ophthalmology and for any indi- 
vidual who has interest in orbital disease, par- 
ticularly in the management of orbital disor- 
ders. 





ABSTRACT DEPARTMENT 


Edited by David Shoch, M.D. 





Archives of Disease in Childhood 


Clinical factors associated with retinopathy of 
prematurity. Prendiville, A., and Schulenburg, 
W. E. (Dept. Ophthalmol., Royal Postgrad. Med. 
School, Hammersmith Hosp., Du Cane Rd., Lon- 
don, England W42 OHS). Arch. Dis. Child. 
63:522, 1988. 


Of 140 infants who at birth weighed less than 
1,500 g or were of less than 31 weeks gestation, 
approximately 30% in each group developed 
retinopathy of prematurity. The authors exam- 
ined 34 risk factors that might be related to the 
retinopathy ranging from birthweight and ges- 
tional age to maternal diseases such as diabetes 
and preeclampsia. They found three significant 
risk factors: the number of times that the blood 
pH level was less than 7.2, the number of times 
that the arterial oxygen tension was greater 
than 12 kilopascals, and the gestational age. In 
addition to oxygen level and gestational age, 
acidosis may be a causative agent of retinopa- 
thy of prematurity. (5 tables, 30 references)— 
David Shoch 


British Journal of Ophthalmology 


Panretinal cryotherapy in neovascular disease. 
Vernon, S. A., and Cheng, H. (Dept. Ophthal- 
mol., Univ. Hosp., Nottingham, England 
NG7 2UH). Br. J. Ophthalmol. 72:401, 1988. 


In 15 eyes with rubeosis iridis, nine of which 
had neovascular glaucoma and seven prolifera- 
tive diabetic retinopathy, ten had received laser 
or xenon panretinal photocoagulation without 
regression of the new vessels. A 360-degree 
peritomy was performed and ten applications 
of cryotherapy were applied to each quadrant 
of the globe with a 2.5-mm cryoprobe. The 
freeze marks were centered at the equator. No 
applications were performed within 5 mm of 
the macula or 3 mm of the disk. Fourteen of the 
eyes showed regression of the rubeosis iridis, 
with preservation of vision and a return to 
normal intraocular pressure. Of the seven eyes 
with proliferative diabetic retinopathy, six 
showed new vessel regression. (3 tables, 22 
references)—David Shoch 
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The human anterior lens capsule. An attempted 
chemical debridement of epithelial cells by 
ethylenediaminetetraacetic acid (EDTA) and 
trypsin. Humphry, R.C., Davies, E.G., Jacob, 
T.J.C., and Thompson, G.M. (West of England 
Eye Infirm., Magdalen St., Exeter, England). Br. 
J. Ophthalmol. 72:406, 1988. 


The authors performed extracapsular cataract 
extraction on cadaver eyes in a standard fash- 
ion and then examined the eyes histologically. 
Irrigation solutions consisted either of normal 
saline, a chelating agent, ethylenediaminetetra- 
acetic acid in varying concentrations, trypsin 
solution, and a solution containing both tryp- 
sin and ethylenediaminetetraacetic acid. The 
normal saline solution did not cause any de- 
tachment of the epithelial cells, whereas higher 
concentrations of the chelating agent (15 and 30 
mM) allowed the anterior epithelial cells to fall 
away from the capsular sheet. The zonules of 
the lens appeared undamaged. Trypsin was 
also effective in stripping away the capsules 
but it caused changes in the surrounding iris 
tissue. The use of a chelating agent appears to 
be promising for removing the last vestiges of 
epithelial cells from the anterior capsule, but 
the effect on the delicate endothelial cells of the 
cornea has not been established. (4 figures, 17 
references)—David Shoch 


Viscodelamination at the vitreoretinal juncture 
in severe diabetic eye disease. McLeod, D., 
and James, C. R. (Moorfields Eye Hosp., City 
Road, London, England EC1V 2PD). Br. J. Oph- 
thalmol. 72:413, 1988. 


The authors used a 1% methylcellulose solu- 
tion in 28 eyes and a 1% sodium hyaluronate 
solution in 12 eyes to separate the vitreous 
cortex and epiretinal membranes from the reti- 
na before vitrectomy. All eyes had proliferative 
retinopathy. In some eyes with membranes 
that were highly vascularized, bleeding and 
tearing of the retina occurred. The major com- 
plication was recurrent epiretinal membrane 
proliferation. The technique of separating 
sparsely vascularized membranes and vitreous 
cortex was successful in eyes with proliferative 
retinopathy, but it did not cure the underlying 
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process that resulted in epiretinal membrane 
formation. (5 figures, 1 table, 17 references)— 
David Shoch 


Indomethacin retinopathy. Case report and re- 
view. Graham, C. M., and Blach, R. K. (Moor- 
fields Eye Hosp., City Road, London, England 
EC1V 2PD). Br. J. Ophthalmol. 72:434, 1988. 


The changes in the retina in indomethacin 
toxicity, both ophthalmoscopic and electro- 
physiologic, have been reported previously. In 
this patient, however, the deterioration in vi- 
sion occurred several years after withdrawal of 
indomethacin. Although abnormalities were 
noted while the patient was taking indometha- 
cin, the deterioration in vision and the abnor- 
mal retinal findings progressed after discontin- 
uation of the drug. There was no history of 
chloroquine intake and the ophthalmoscopic 
appearance and lack of involvement of the 
periphery of the retina ruled out a cone-rod 
dystrophy. The authors postulated that the 
previously reported cases of indomethacin tox- 
icity were reversible because of smaller total 
doses of the drug. They suggest that people 
receiving long-term indomethacin therapy 
have regular ocular examinations. (4 figures, 10 
references)—David Shoch 


Canadian Medical Association 
Journal 


Pulmonary aspergillosis and endophthalmitis. 
Complications of Cushing’s syndrome. 
Naylor, C. D., Shkrum, M. J., Edmonds, M. W., 
and Cholod, E.J. M. (Dept. Pathol., Victoria 
Hosp., 375 South St., London, Ont., Canada 
N6A 4G5). Can. Med. Assoc. J. 138:719, 1988. 


A patient had excessive glucocorticoid secre- 
tion from a carcinoid tumor of the lung that 
produced adrenocorticotropin and metasta- 
sized to the liver. The patient was admitted to 
the hospital for generalized malaise and was 
found to have increased serum cortisol levels 
as well as exceedingly high free cortisol excre- 
tion. Three weeks after admission the patient's 
right eye became painful and she underwent 
vitrectomy. Examination demonstrated septate 
fungi and cultures grew Aspergillus fumigatus. 
Despite local and systemic treatment with am- 
photericin B, the patient died two months after 
admission. The initial feature of the systemic 


aspergillosis was endophthalmitis, which was 
apparently caused by hematogenous spread 
from systemic infection. Thus, an immunocom- 
promised state can result not only from exoge- 
nous administration of corticosteroids but from 
endogenous production of glucocorticoids by a 
carcinoid tumor. (2 figures, 6 references)— 
David Shoch 


Cancer Genetics and Cytogenetics 
Trisomy 6p in an ocular melanoma. Griffin, C. A., 
Long, P. P., and Schachat, A. P. (Johns Hopkins 
Oncol. Ctr., 600 N. Wolfe St., Baltimore, MD 
21205). Cancer Genet. Cytogenet. 32:129, 1988. 


The authors aspirated cells from a uveal mel- 
anoma, cultured the cells, and performed chro- 
mosomal analysis. They found three copies of 
the short arm of chromosome 6. This suggests 
that trisomic genes on the short arm of chromo- 
some 6 may represent an early primary event in 
the genesis of ocular melanoma. Therefore, the 
genetic defect in ocular melanomas may be the 
same as that in cutaneous melanomas. (1 fig- 
ure, 12 references)—David Shoch 


Human Biology 


Ocular and periorbital anthropometry in the 
newborn. Demirkol, M., Ertugrul, T., and Neyzi, 
O. (Dept. Pediatr., Istanbul Faculty of Med., 
Capa, Istanbul, Turkey). Hum. Biol. 60:11, 1988. 


The authors searched for an index that would 
define hypertelorism in the newborn, since 
ocular hypertelorism is frequently associated 
with mental retardation whereas lateral dis- 
placement of the inner canthi (pseudo- 
hypertelorism) does not seem to have this asso- 
ciation. Short palpebral fissure size has been 
reported as a common sign of the fetal alcohol 
syndrome. They examined 625 infants ranging 
in gestional age from 27 to 44 weeks. They 
measured the distance between the inner can- 
thi, the distance between the outer canthi, and 
the distance from the outer edge of one orbit to 
the outer edge of the other orbit. They devel- 
oped an inner canthal index, the inner canthal 
distance divided by the head circumference 
times 100, and a canthal index, the inner can- 
thal distance divided by the outer canthal dis- 
tance times 100. They found that, in general, 
male infants had higher values for inner can- 
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thal, outer canthal, and periorbital distances. 
There was no significant sex difference for pal- 
pebral fissure length nor for the inner canthal 
or canthal indexes. Further, inner canthal and 
canthal indexes and length of palpebral fissures 
were comparable in full-term, premature, and 
small-for-gestational-age infants. A value of 
over 7.5% for the inner canthal index indicated 
hypertelorism and a value of over 43% for the 
canthal index was compatible with a diagnosis 
of ocular pseudohypertelorism. (1 figure, 4 ta- 
bles, 12 references)—David Shoch 


Human Pathology 


A case of synovial sarcoma with abnormal ex- 
pression of the human retinoblastoma sus- 
ceptibility gene. Mendoza, A. E., Shew, J. Y., 
Lee, E., Bookstein, R., and Lee, W. H. (Dept. 
Pathol., M-012, Experimental Path. Prog., 
School of Med., Univ. California at San Diego, La 
Jolla, CA 92023). Hum. Pathol. 19:487, 1988. 


A 24-year-old man with no family or personal 
history of cancer had a left posterior chest wall 
mass. Despite resection and chemotherapy the 
patient died five years later, at which time a 
diagnosis of synovial sarcoma was made. Mes- 
senger RNA was prepared from the frozen 
tumor sample and “P-labeled DNA was used as 
a probe for the retinoblastoma gene expression. 
Analysis demonstrated an abnormally long ret- 
inoblastoma gene transcript in addition to a 
retinoblastoma transcript of normal length. Al- 
ternation of the retinoblastoma gene expres- 
sion may be related to the formation of synovial 
sarcoma. (2 figures, 13 references)—David 
Shoch 


JAMA 


Radial keratotomy for simple myopia. JAMA 
260:264, 1988. 


A panel of 35 ophthalmologists (34 of them 
certified by the American Board of Ophthal- 
mology) considered the safety and efficacy of 
radial keratotomy. There was the expected di- 
versity of opinion among members of the 
panel, but approximately half of the panel 
members believed that both the safety and 
efficacy of radial keratotomy were unacceptable 
for myopia of greater than 6 diopters. For myo- 
pia of less than 3 diopters, more than half of the 


members believed that the procedure was both 
safe and effective. Approximately one fifth of 
the panel members believed that the question 
of safety and effectiveness was still under in- 
vestigation. Concerns were raised about the 
effectiveness of the procedure, the lack of pre- 
dictability of the results, and the change in 
refractive error after surgery. (22 references)— 
David Shoch 


Neurology 
Treatment response in malignant optic glioma 
of adulthood. Albers, G. W., Hoyt, W. F., Forno, 
L. S., and Shratter, L. A. (Dept. Neurol., Stanford 
Univ. Med. Ctr., Stanford, CA 94305). Neurology 
38:1071, 1988. 


Two patients were described with malignant 
optic gliomas. Death was delayed by radiation 
therapy in one patient and the second is alive 
with evidence of shrinkage of the chiasmal 
mass following radiation and chemotherapy. 
Patient 1 was a 51-year-old man who received 
only 1,000 rad to the chiasm in one sitting and 
refused further treatment for four months, at 
which time he consented to an additional 4,600 
rad to the chiasm. He died six months later, 
approximately 20 months after diagnosis. The 
histologic diagnosis was glioblastoma multi- 
forme. Patient 2, a 40-year-old woman, was 
examined initially for loss of vision. A cranioto- 
my and biopsy specimen demonstrated an ana- 
plastic astrocytoma. She received 6,000 rad 
and 5-bromo-2'-deoxyuridine simultaneously. 
After completion of radiotherapy, she received 
two further cycles of chemotherapy. Seven 
months after diagnosis she was alive and well 
with significant shrinkage of the suprasellar 
mass. The authors recommend combined radia- 
tion and chemotherapy for patients with malig- 
nant optic gliomas. (6 figures, 7 references)— 
David Shoch 


The Marcus-Gunn phenomenon. Landau, W. M. 

- (Washington Univ. School of Med., Dept. Neurol., 
660 S. Euclid Ave., Box 8111, St. Louis, MO 
63110). Neurology 38:1141, 1988. 


In testing for the Marcus Gunn phenomenon, 
some importance has been ascribed to the rate 
at which the flashlight is moved back and forth. 
The author notes that the movement of the 
flashlight has little to do with the response of 
the pupil. The ordinary pupil constricts briskly 
and then adapts to the light by dilating slowly 
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after about 100 msec. When the optic nerve is 
diseased, input to the pupillary constrictor cen- 
ter is roughly the same as the background 
illumination and therefore the pupil redilates. 
This is a classic example of reflex adaptation 
during persistent stimulation, and the Marcus 
Gunn phenomenon simply represents a 
straightforward functional measure of a defi- 
cient afferent stimulus. The “swinging flash- 
light” test is unnecessary and furthermore 
does not identify patients with bilateral le- 
sions. (1 figure, 3 references)—David Shoch 


Postgraduate Medicine 
The rapid eye test to detect drug abuse. 
Tennant, F. (Community Health Projects Med. 
Group, Res. and Education Div., 3361% S. Glen- 
dora Ave., West Covina, CA 91790). Postgrad. 
Med. 84:108, 1988. 


Most street drugs and addictive drugs affect 
the central nervous system and thus frequently 
affect the eye. For example, marijuana, alcohol, 
and the benzodiazepines frequently cause con- 
gestion of the conjunctiva and episcleral ves- 
sels. Heroin is associated with a miotic pupil, 
whereas cocaine and amphetamines tend to 
dilate the pupil. Marijuana, alcohol, and phen- 
cyclidine frequently cause nystagmus. The ocu- 
lar signs in drug abuse fall into three primary 
categories: (1) external signs such as conges- 
tion, (2) alterations in either pupil size or reac- 
tion, and (3) nystagmus. If drug abuse is sus- 
pected based on the presence of these signs, 
appropriate blood or urine analysis is indicat- 
ed. (6 figures, 2 tables, 34 references)—David 
Shoch 


Science 
Abnormalities in structure and expression of 
the human retinoblastoma gene in SCLC. Har- 
bour, J. W., Lai, S. L., Whang-Peng, J., Gazdar, 
A. F., Minna, J. D., and Kaye, F. J. (Med. Oncol. 
Branch, Natl. Cancer Inst., NIH, Bethesda, MD 
20814). Science 241:353, 1988. 


In hereditary retinoblastoma there is a loss or 
inactivation of one allele of the retinoblastoma 
gene. Apparently the second allele is easily 
damaged, resulting in about 1,000 cases of 
retinoblastoma each year in the United States. 
It has been found that patients who survive 
retinoblastoma develop other types of cancer, 
especially osteosarcoma. The same retinoblas- 
toma gene defect that causes susceptibility to 
retinoblastoma also increases susceptibility for 
osteocarcinoma. Based on this information, the 
authors investigated the possibility that a de- 
fective or missing retinoblastoma gene might 
cause susceptibility to some types of lung can- 
cer. They studied a variety of lung cancers and 
found that there was a defective or missing 
retinoblastoma gene in one of eight cases of 
primary small cell lung cancer, in four of 22 
small cell lung cancer lines, and one of four 
cases of pulmonary carcinoid lines. The defec- 
tive genes were not detected in other major 
types of lung cancer. The finding of abnormali- 
ties of the retinoblastoma gene in small cell 
lung cancer and pulmonary carcinoid, both of 
which are neuroendocrine tumors, suggests 
that the retinoblastoma gene may be involved 
in the pathogenesis of adult malignancies other 
than osteocarcinoma. (3 figures, 1 table, 27 
references)—David Shoch 





NEWS ITEMS 


Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 

The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length. Announcements of meetings 
and courses must be received at least four months before 
the event. 


International Society for Clinical 
Electrophysiology of Vision: 27th 
Symposium 


The 27th Symposium of the International 
Society for Clinical Electrophysiology of Vision 
will be held June 4-8, 1989, in Dresden, West 
Germany. For further information, write Prof. 
Dr. sc. med. Renate Hanitzsch, Carl-Ludwig- 
Institute of Physiology, Liebigstr. 27, Leipzig 
7010, German Democratic Republic. 


American Israeli Ophthalmological Society: 
The International Congress on Ocular 
Trauma 


The American Israeli Ophthalmological Soci- 
ety will sponsor The International Congress on 
Ocular Trauma, Feb. 19-24, 1989, in Tel Aviv, 
Israel. For further information, write Secretari- 
at, American Israeli Ophthalmological Society, 
P.O.B. 50006, Tel Aviv 61500, Israel, or Albert 
Hornblass, M.D., 903 Lexington Ave., New 
York, NY 10021. 


Canadian Implant Association: Fifteenth 
Annual Meeting 


The Canadian Implant Association will hold 
its Fifteenth Annual Meeting, June 2 and 3, 
1989, in Montreal, Canada. For further infor- 
mation, write Marvin L. Kwitko, M.D., Pro- 
gram Chairman, Canadian Implant Associa- 
tion, 5591 Cote des Neiges Rd., Montreal, 
Quebec, Canada H3T 1Y8. 





516 


National Conference on High Blood 
Pressure Control: 1989 National Conference 


The National Conference on High Blood 
Pressure Control, will sponsor the 1989 Nation- 
al Conference on High Blood Pressure Control, 
May 6-9, 1989, in Lake Buena Vista, Florida. 
For further information, write National Confer- 
ence on High Blood Pressure Control, 4733 
Bethesda Ave., Suite 530, Bethesda, MD 20814. 


North African Center for Sight: Update in 
Ophthalmology 


The North African Center for Sight will spon- 
sor a course, Update in Ophthalmology, Sept. 
10-16, 1989, in Tunis, Tunisia. For further infor- 
mation, write Nadi Al Bassar, 9 Blvd. Bab 
Menara, 1008 Tunis, Tunisia. 


Associated Retinal Surgeons: Advanced 
Vitreoretinal Surgery Course 


The Associated Retinal Surgeons will hold an 
Advanced Vitreoretinal Surgery Course, Feb. 
9-11, 1989, in Sarasota, Florida. For further 
information, write Lauri Fagan, Associated 
Retinal Surgeons, 1700 S. Tuttle Ave., Suite 3, 
Sarasota, FL 34239. 


Pacific Coast Oto-Ophthalmological 
Society: 73rd Annual Meeting 


The Pacific Coast Oto-Ophthalmological So- 
ciety will hold its 73rd Annual Meeting, June 
23-28, 1989, in Kauai, Hawaii. For further in- 
formation, write Mireya Jones, PCOOS Manag- 
er, 1613 Chelsea Rd., Suite 229, San Marino, 
CA 91108. 


Contact Lens Association of 
Ophthalmologists: 1989 Annual Meeting 


The Contact Lens Association of Ophthal- 
mologists and the International Society for Re- 
fractive Keratoplasty will hold its 1989 annual 
meeting, Jan. 18-21, 1989, in New Orleans, 
Louisiana. For further information, write Meet- 
ing Registrar, CLAO/ISRK Annual Meeting, 
Contact Lens Association of Ophthalmologists, 
523 Decatur St., Dept. B, New Orleans, LA 
70130. 
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Bascom Palmer Eye Institute: Problem 
Oriented Approach to Vitreous Surgery 
Course 


The Bascom Palmer Eye Institute will sponsor 
a course, Problem Oriented Approach to Vitre- 
ous Surgery, Feb. 27—March 1, 1989, in Miami, 
Florida. For further information, write Bascom 
Palmer Eye Institute, Continuing Education in 
Ophthalmology, P.O. Box 015869, Miami, FL 
33101. 


Baylor College of Medicine: Contact Lens 
Technology Course 


Baylor College of Medicine will hold its 30th 
Annual Contact Lens Technology Course, Dec. 
1-3, 1988, in Houston, Texas. For further infor- 
mation, write Bette Burkett, Contact Lens Tech- 
nology Course, Cullen Eye Institute, Baylor 
College of Medicine, 6501 Fannin, Houston, TX 
77030. 


Colorado Ophthalmological Society: Annual 
Midwinter Seminar 


The Colorado Ophthalmological Society will 
hold its Annual Midwinter Seminar, Jan. 21-25, 
1989 in Vail, Colorado. For further information, 
write Carol Goddard, Colorado Ophthalmolog- 
ical Society, P.O. Box 4834, Englewood, CO 
80155. 


Good Samartian Health Systems, Inc.: 
Oculoplastic Update Course 


Good Samaritan Health Systems, Inc. will 
hold a course, Oculoplastic Update-1989, Jan. 
14 and 15, 1989, in West Palm Beach, Florida. 
For further information, write Laura Lyons, 
Good Samaritan Hospital, Flagler Drive at Palm 
Beach Lakes Blvd., P.O. Box 024308, West Palm 
Beach, FL 33402. 


University of Hawaii: Third International 
Symposium on Lipofuscin and Ceroid 
Pigments-1989 


The University of Hawaii at Manoa will spon- 
sor the Third International Symposium on 
Lipsofuscin and Ceroid Pigments-1989: State of 
the Art, Aug. 20-23, 1989 in Maui, Hawaii. For 
further information, write Eduardo A. Porta, 
M.D., Department of Pathology, School of 
Medicine, University of Hawaii, 1960 East-West 
Rd., Honolulu, HI 96822. 


The Hospital for Sick Children: First Annual 
Jack Crawford Meeting of Paediatric 
Ophthalmology 


The Hospital for Sick Children will sponsor 
the First Annual Jack Crawford Meeting of 
Paediatric Ophthalmology, March 31, 1989. For 
further information, write Michelle Gover B. 
Comm., M.H.Sc., Manager Ophthalmology/ 
Otolaryngology, The Hospital for Sick Chil- 
dren, 555 University Ave., Toronto, Ontario 
Canada M5G 1X8. 


Long Island Jewish Medical Center: A 
Clinical Day in Ophthalmology: Glaucoma 
Topics 


Long Island Jewish Medical Center will spon- 
sor A Clinical Day in Ophthalmology: Glauco- 
ma Topics, Nov. 30, 1988, in Garden City, New 
York. For further information, write Debra 
Mohr, Continuing Education Coordinator, 
Long Island Jewish Medical Center, New Hyde 
Park, NY 11042. 


New York Eye and Ear Infirmary: Contact 
Lens Fitting Course and Workshop 


The New York Eye and Ear Infirmary will 
sponsor a Contact Fitting Course and Work- 
shop, Dec. 9 and 10, 1988, in New York, New 
York. For further information, write Jane Stark, 
Registrar, Post Graduate Institute, New York 
Eye and Ear Infirmary, 310 E. 14th St., New 
York, NY 10003. 


Scheie Eye Institute: Symposium on Low 
Vision 

The Scheie Eye Institute will sponsor Sympo- 
sium on Low Vision, Nov. 5, 1988, in Philadel- 
phia, Pennsylvania. For further information, 
write Mary Allegrini, Continuing Medical Edu- 
cation Office, Scheie Eye Institute, 51 N. 39th 
St., Philadelphia, PA 19104. 


Fight for Sight, Inc.: Fellowships and 
Grants-in-Aid 

Applications are available for the following 
programs in ophthalmic and vision research 
under the Fight for Sight Awards Program, 
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administered by the Association for Research 
in Vision and Ophthalmology: 

1. Grants-in-aid for research projects, stress- 
ing pilot and feasibility projects, with awards 
of $1,000 to $10,000; 

2. Postdoctoral fellowships, with maximum 
awards of $12,000; and 

3. Student (summer) fellowships, with maxi- 
mum awards of $400 per month. 

The deadline for receipt of completed appli- 
cations will be March 1, 1989. Starting dates are 
July 1 or September 1, 1989 and June 1, 1989 for 
student fellowships. For further information, 
write Fight for Sight, Inc., Box 474, 601 N. 
Broadway, Baltimore, MD 21205. 


St. Louis Ophthalmological Society: New 
Officers 


The St. Louis Ophthalmological Society 
elected the following new officers 1988-1989: 
Laurence R. Avins, president; Mitchel L. Wolf, 
vice president; and Stephen R. Waltman, 
secretary-treasurer. 


Fight for Sight Citations 


Mrs. Mildred Weisenfeld, founder and execu- 
tive director of the Fight for Sight, Inc., an- 
nounced the award of Fight for Sight citations 
for the best poster presentations at the 1987 
Association for Research in Vision and Oph- 
thalmology meeting. The awards were made at 
the 1988 meeting of the Association. 

The award in basic science research was 
made to Patrick Cavanagh, Ph.D., and Satoshi 
Shioiri, Université de Montréal, Montréal, 


Canada, and Donald I. MacLeod, Ph.D., of the 
University of California, La Jolla, California, 
“Is the Acromatic Form Pathway Based on Lu- 
minance or Brightness?’”’, $500.00 

The award for clinical research was made to 
Sheila K. West, Ph.D., Frank S. Rosenthal, 
Ph.D., Edward A. Emmett, M.D. Helen Abbey, 
Sc.D., Beatriz Munoz, and Hugh R. Taylor, 
M.D., of the Johns Hopkins University School 
of Medicine, Baltimore, Maryland, “Senile Eye 
Changes: Ultraviolet Light and Risks of Cata- 
ract,’’ $500.00 


Personals 


George E. Garcia 


George E. Garcia, of Boston, was nominated 
to be president-elect of the American Academy 
of Ophthalmology at the June meeting of the 
Board of Directors. He has served as Chairman 
of the Academy Council, Director-at-Large and 
Chairman of the National Eye Care Project 
fund raising campaign. He was president of the 
American Association of Ophthalmology in 
1981. Dr. Garcia is in private practice in Boston 
and teaches at the Massachusetts Eye and Ear 
Infirmary. 


Francis A. L’Esperance, Jr. 


Francis A. L’Esperance will receive the Ar- 
thur L. Schawlow Award from the Laser Insti- 
tute of America at the Seventh International 
Congress on Applications of Lasers and 
Electro-Optics, Oct. 30-Nov. 4, 1988, in Santa 
Clara, California. 
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Sanford Severin, MD, Medical Director 
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“I no longer worry about scheduling patients with 
compromised endothelia for cataract surgery. Viscoat 
protects these corneas during the entire procedure, pha- 
coemulsification and IOL insertion. With Viscoat, I see 
clear corneas the next day, and they stay clear.” 


James Davison, MD 
Wolfe Clinic, Marshalltown, IA 


“If I see marked endothelial cell dystrophy during 
cataract surgery, my agent of choice is Viscoat, because 
it adheres to the endothelium. If 1 don’t have Viscoat, I 
won't use any other viscoelastic material, but will use 
balanced salt solution. In my opinion, Viscoat is clinic- 
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Management of Anterior and Posterior Proliferative 


Vitreoretinopathy 
XLV Edward Jackson Memorial Lecture 








T. M. Aaberg, M.D. 


Proliferative vitreoretinopathy is a compos- 
ite of anterior and posterior proliferation pro- 
ducing multidirectional tractional forces and 
resultant complex management problems. Ina 
series of 98 consecutive cases of nondiabetic, 
nontraumatic proliferative vitreoretinopathy, 
anterior proliferation caused retinal detach- 
ment in 58 patients. Relaxation of circumfer- 
ential traction created by anterior proliferation 
in the vitreous base and its contiguous sur- 
faces is achieved by multiple radial incisions 
in the vitreous base. Forward displacement of 
the vitreous base and associated anterior reti- 
na is eliminated by incision of the displaced 
anterior and posterior hyaloid surfaces. The 
subsequent release of posterior traction and 
determination of residual traction by sequen- 
tial fluid-air exchange before final tamponade 
with longer acting gas or silicone oil is de- 
scribed. Total retinal reattachment was 
achieved in 23 of 33 eyes (70%) with only 
posterior proliferation compared to 27 of 47 
eyes (57%) with significant anterior prolifera- 
tion. Retinal attachment posterior to the scler- 
al buckle was achieved in 27 of 33 eyes (82%) 
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College of Wisconsin, Milwaukee, Wisconsin. This 
study was supported by an unrestricted grant from 
Research to Prevent Blindness, Inc., Emory University, 
and the Medical College of Wisconsin. This study was 
presented at the 1988 American Academy of Ophthal- 
mology annual meeting, Las Vegas, Nevada, Oct. 9, 
1988. 

Reprint requests to T. M. Aaberg, M.D., Emory Cen- 
ter, 1327 Clifton Rd., Atlanta, GA 30322. 


and 37 of 47 eyes (79%), respectively. Al- 
though the success rate was less in eyes with 
anterior proliferation, the retinal reattachment 
rates in the two groups approached compara- 
bility as experience and understanding of the 
clinical significance increased. 


CELLULAR PROLIFERATION continues to be the 
most serious complication of retinal detach- 
ment.!” Following retinal detachment, liberat- 
ed pigment epithelial cells undergo metaplastic 
change, and some develop the attributes of 
fibroblasts. As they multiply, they form clus- 
ters and cellular membranes spreading along 
the surfaces of adjacent ocular surfaces, that is, 
on the inner or outer surface of the retina, the 
posterior and anterior vitreous surfaces, ciliary 
body, iris, and posterior lens.” Retinal astro- 
cytes also participate in this proliferative proc- 
ess, migrating through the internal and exter- 
nal limiting membranes of the retina to form 
localized or diffuse proliferation on the inner 
and outer retinal surfaces.*’ Some proliferating 
metaplastic cells contain considerable cytoplas- 
mic filaments? suggestive of contractile activity 
by the cells. Once the membrane of prolifera- 
tive cells has contracted, it is then stabilized by 
progressive deposition of new collagen." Real- 
ization of the diffuse anatomic extent of the 
proliferative process and appreciation of the 
surgical importance of the various anatomic 
manifestations has continued to evolve as sur- 
gical experience has accumulated. 

The final stage of fixed retinal folding and 
taut tractional vitreous strand formation has 
been called, depending on the pathogenic in- 
terpretation, massive preretinal retraction,’ 
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massive vitreous retraction,!” or massive peri- 
retinal proliferation.” More recently, the termi- 
nology committee of the American Retina Soci- 
ety proposed the contemporary terminology, 
proliferative vitreoretinopathy.!! The intended 
purpose of the classification is to define the 
disease entity to allow comparison of reports 
concerning pathogenic factors, therapeutic 
measures, and consequent results. Prolifera- 
tive vitreoretinopathy, as described," quantita- 
tes primarily the extent and severity of posteri- 
or retinal abnormalities and thus has 
significant limitations. Increasing knowledge 
and experience have demonstrated the signifi- 
cance of the diffuse proliferative process, par- 
ticularly anteriorly in the region of the vitreous 
base, anterior hyaloid, and ciliary body sur- 
faces.” It has long been known that the prolif- 
erative process can occur anywhere in the vitre- 
ous cavity, but realization of the proportion of 
eyes with surgically significant anterior prolife- 
ration has only gradually evolved and has been 
of interest to me for the past several years. My 
concepts of the significant components of pro- 
liferative vitreoretinopathy and my rationale 
for surgical management techniques are based 
on an analysis of 98 consecutive eyes I have 
operated on with proliferative vitreoretinopa- 
thy grade C-3 to D-3 (Table 1)" from January 
1983 through June 1987. Excluded from this 
series are eyes with ocular trauma, diabetic 
retinopathy, vascular occlusive manifestations, 


TABLE 1 
CLASSIFICATION OF RETINAL DETACHMENT WITH 
PROLIFERATIVE VITREORETINOPATHY (RETINA 
SOCIETY TERMINOLOGY COMMITTEE) 


GRADE CHARACTERISTICS 
C-3 Fixed retinal folds in three quadrants 
D Fixed retinal folds in four quadrants 
D-1 Wide funnel configuration 
D-2 Narrow funnel configuration 
D-3 Closed funnel configuration 


(optic nerve head not visible) 
—— E 


or retinopathy of prematurity. This is a histori- 
cal presentation of personal understanding 
that guides my management of proliferative 
vitreoretinopathy. 


Anterior Proliferative Vitreoretinopathy 
Anterior proliferative vitreoretinopathy has 
been arbitrarily defined’ as occurring ante- 
rior to the posterior insertion of the vitreous 
base. Cellular proliferation at the posterior vit- 
reous base occurs on the inner retinal surface 
and the separated posterior hyaloid. Contrac- 
tion of multiple epicenters of proliferation, 
which may become virtually confluent at the 
posterior vitreous base insertion, creates nu- 
merous rigid retinal folds (“star folds’’) (Fig. 1, 
left and Table 2). Resultant traction on the 





Fig. 1 (Aaberg). Left, Proliferative cells from membranes on the peripheral retina (dark arrow) behind the 
posterior insertion of the vitreous base and on the separated posterior hyaloid surface (white arrow). Middle, 
The epiretinal proliferative cells create anteroposterior (A) and circumferential (B) traction. Proliferative cells on 
the separated posterior hyaloid create a traction perpendicular to the retina (C). Right, Proliferative cells within 
the vitreous base cause anteroposterior (D) and circumferential (E) traction within the vitreous base tissue. 
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Fig. 2 (Aaberg). The posterior insertion of the 
vitreous base is drawn anteriorly creating a retinal 
trough (t). (H. Lewis and T. M. Aaberg, “Anterior 
proliferative vitreoretinopathy,” Am. J. Ophthal- 
mol. 105:277, March 1988.) 


detached retina is manifest both as a meridion- 
al anteroposterior vector with resulting retinal 
folds parallel to the equator and a circumferen- 
tial vector with resulting radial, pleat-like reti- 
nal folds (Fig. 1, middle). When the separated 
posterior hyaloid is still intact (that is, vitrec- 
tomy has not been performed), a third vector 


TABLE 2 


TRACTIONAL FORCES OF ANTERIOR PROLIFERATIVE 
VITREORETINOPATHY 





LOCATION OF PROLIFERATION TRACTIONAL DIRECTION 


Peripheral retina, juxtavitre- 
ous base 


Meridional anteroposterior (pos- 
terior retina drawn toward vit- 
reous base) 

Circumferential (shortening of 
the equatorial circumference) 


Posterior hyaloid vitreous Perpendicular (peripheral retina 


surface drawn toward midvitreous cav- 
ity) 
Intravitreous base Circumferential 


Meridional (ciliary body drawn 
posteriorly and posterior retina 
drawn anteriorly) 

Perpendicular 


Anterior vitreous hyaloid sur- Meridional (posterior vitreous 
face with forward displace- base insertion drawn anteriorly 
ment of the vitreous base to ciliary body or posterior iris) 
(anterior loop traction) 





perpendicular to the retina pulls the posterior 
hyaloid insertion toward the center of the vitre- 
ous cavity. These resulting anatomic manifes- 
tations are pathognomonic of the respective 
tractional forces and guide the surgeon to prop- 
er surgical management. 

Proliferative cells may move into the collagen 
interstices of the vitreous base in a manner 
such as Glaser, Cardin, and Biscoe’’ showed 
with retinal pigment epithelial cells. In their 
experimental model, collagen fibers are pulled 
together by alternating extension and retrac- 
tion of the cellular lamellipodia. A small num- 
ber of proliferative cells can therefore collapse 
the vitreous base gel and exert tractional forces 
in either a meridional anteroposterior direction 
or a circumferential direction (Fig. 1, right). 
Once the proliferative cells collapse the vitre- 
ous gel, the collapsed gel is fixated by produc- 
tion of new collagen. Therefore, proliferative 
cells in the vicinity of the vitreous base, on the 
posterior or anterior vitreous hyaloid surface, 
or within the vitreous base exert traction in 
circumferential, meridional, and perpendicular 
directions (Table 1). 

When proliferation occurs in the vitreous 
base or juxtabasal regions combined with ante- 
rior displacement of the vitreous base, meridi- 
onal traction draws the posterior insertion of 
the vitreous base to the ciliary body or posteri- 
or iris surface (Figs. 2 and 3). Anterior dis- 
placement is unusual, however, in primary 
proliferative vitreoretinopathy without previ- 
ous intraocular surgery. It may occur in apha- 
kic or pseudophakic eyes, traumatized eyes, 
eyes treated with pneumatic retinopexy, or 
vitrectomized eyes with air, gas, or silicone oil 
tamponade. As the posterior vitreous base is 
drawn anteriorly, a trough of anterior retina 
results, which is obscured by the overlying dis- 
placed vitreous base and retina. In many eyes, 
the obscured retinal trough is ascertained only 
by appreciation of the resulting appearance 
of a foreshortened posterior retina (Fig. 2). 


Posterior Proliferative Vitreoretinopathy 
Posterior vitreoretinopathy is regarded as in- 
volvement posterior to the posterior insertion 
of the vitreous base. Posterior proliferative vit- 
reoretinopathy therefore does not include any 
of the juxtabasal proliferative manifestations 
previously included in the anterior prolifera- 
tive description. As localized areas of prolifera- 
tive cells contract and rigid retinal folds result, 
a pattern develops that evinces the tractional 
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Fig. 3 (Aaberg). Top left, The posterior vitreous 
base insertion is drawn to the anterior vitreous base 
insertion. Top right, The posterior vitreous base 
insertion is drawn to the ciliary processes. Bottom 
left, The posterior vitreous base insertion is drawn to 
the posterior iris surface. Bottom right, The posterior 
vitreous base insertion is drawn to the pupillary 
margin. (H. Lewis and T. M. Aaberg, “Anterior 
proliferative vitreoretinopathy,”” Am. J. Ophthal- 
mol. 105:277, March 1988). 


forces resulting in meridional, circumferential, 
and perpendicular (when the posterior hyaloid 
is intact) vectors. Folds radiate meridionally 
and circumferentially from the epicenter of 
traction, hence referred to colloquially as “star 
folds.” Proliferative membranes are intimately 
adherent to the internal limiting lamina in 
some areas more than others so that upon 
membrane contraction, the underlying retina 
develops a finely corrugated appearance—an 
indication of the extent of the membrane. Be- 
yond the confines of the proliferative mem- 
brane the retinal contour is taut. When these 
folds of fixed retina become confluent circum- 
ferentially in the posterior pole, the resultant 
tractional foreshortening creates a funnel- 
shaped approach when visualizing the disk, 
which is graded by the proliferative vitreoreti- 
nopathy classification (Table 1)." 


Prevalence of Proliferative Vitreoretinopathy 
Posterior proliferation is present in virtually 
all cases of proliferative vitreoretinopathy. 


Anterior proliferation is rarely present without 
posterior proliferation. When anterior prolife- 
ration does occur alone, it usually is in previ- 
ously vitrectomized eyes, often where anterior 
vitreous surgery has been inadequate. 

During the 52-month period from January 
1983 through June 1987, I operated on 98 eyes 
with proliferative vitreoretinopathy graded C-3 
through D-3 using the Retina Society Terminol- 
ogy Committee classification (Table 1)."! Retinal 
detachment was caused by anterior prolifera- 
tion in 58 (59%) of the eyes. Although parochial 
characteristics of a tertiary vitreoretinal referral 
practice make it impossible to extend preva- 
lence statistics to other patient populations, 
this series does demonstrate that anterior pro- 
liferative vitreoretinopathy is an important and 
prevalent component in the surgical outcome. 
Recognition of these proliferative components 
significantly influences the surgical success 
rate and has led to my evolving surgical ap- 
proach with corresponding improvement in 
long-term retinal reattachment rate (Fig. 4), 
corroborated by past surgical data presented by 
Sternberg and Machemer.” Their success rate 
during a five-year period, beginning in 1978 
before the use of current technology and surgi- 
cal principles, was 33% of patients with prolif- 
erative vitreoretinopathy. Success was defined 
as continued retinal attachment six months 
after “conventional” vitreous surgery (as prac- 
ticed at that time). Since 1980, however, a 
better understanding of the importance of ante- 
rior proliferative vitreoretinopathy has fos- 
tered changes in surgical techniques. Instead of 
relying on secondary relief of traction by scleral 
buckling or demarcation of persisting anterior 
detachment by peripheral encircling photoco- 
agulation, surgical segmentation of anterior 
traction with relaxation of the peripheral retina 
has resulted in improved outcomes. 


Surgical Rationale 

The primary surgical goal in proliferative 
vitreoretinopathy is complete release of peri- 
retinal traction and long-term stabilization of 
the attached retina, with the best possible reti- 
nal and ciliary body function and minimal iat- 
rogenic ocular complications. To achieve this 
goal, the necessary combination of scleral 
buckling and vitreous surgery, supplemented 
by intraocular retinal tamponade, must be cho- 
sen. The extent and location of the proliferation 
determine the necessary surgical procedures. 
For example, when significant anterior prolifer- 
ative vitreoretinopathy is present in a phakic 
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Anatomic Rate of Surgical Reattachment 
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eye, it is unlikely that adequate relaxation of 
traction can be achieved without concurrent 
lensectomy, particularly if there is forward dis- 
placement and fixation of the vitreous base 
(colloquially termed anterior loop traction). 
Conversely, a posterior chamber intraocular 
lens may be left in place unless the anteriorly 
displaced posterior vitreous base is adherent to 
the zonules and posterior lens capsule. In such 
a case, removal of the pseudophakos is neces- 
sary to open the retinal trough resulting from 
anterior vitreous base displacement (Fig. 2). 
These determinations may often be made only 
at surgery. 

Surgical approach to anterior proliferative 
vitreoretinopathy should precede release of 
posterior traction. The immobile posterior reti- 
na better delineates the anterior proliferation 
that is obscured by undulating retina once the 
posterior traction is released. When forward 
displacement of the vitreous base is present, 
the posterior insertion of the vitreous base 
draws the juxtabasal retina forward to the cili- 
ary body or iris. A trough of anterior retina 
results as the juxtabasal retina overlaps and 
obscures the underlying anterior retina and 
pars plana. An incision is made in the anterior 
and posterior hyaloid vitreous surface adhe- 
sions to the ciliary body processes or posterior 
iris (Fig. 5). This incision is extended until the 
entire trough is opened. The compressed vitre- 
ous base residue is then resected by the auto- 
mated vitrectomy probe to expose the vitreoret- 
inal junction posteriorly and the vitreous/pars 
plana junction anteriorly. The distance be- 
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Direct dissection 
of anterior component 
of proliferative 
vitreoretinopathy 


Fig. 4 (Aaberg). Correla- 
tion of increasing rate of 
long-term retinal reattach- 
ment after surgery for prolif- 
erative vitreoretinopathy 
with innovations of surgical 
technology. 








tween the anterior and posterior vitreous base 
insertions, normally 4 to 5 mm in width, is 
markedly reduced by anteroposterior contrac- 
tion (Fig. 5) within the vitreous base. 

The circumferentially contracted vitreous 
base is relaxed by incisions transecting the 
posterior and anterior insertions, repeating the 
incisions in as many meridians as necessary to 
obliterate the meridional pleat-like retinal folds 
(Fig. 5). These incisions are made with sharp- 
pointed horizontal or vertical cutting scissors. 
Adjunctive intraocular forceps or an illuminat- 
ed pick are helpful to fixate the vitreous base 
while manipulating the scissors through the 
contracted tissue. In some cases, it is surgically 
impossible to continue the incisions through 
the anterior insertion but partial relaxation may 
be sufficient (Fig. 6). The end point is elimina- 
tion of the meridional retinal folds attributable 
to the circumferential traction. Since the vitre- 
ous base is integrally adherent to the underly- 
ing retina, incisions in the base may cause 
small inadvertent radial retinotomies. While 
undesirable, such retinotomies serve further to 
relax the circumferential traction and rarely 
cause problems since they overlie the encircling 
scleral buckle. The holes must be recognized 
when they occur, marked with diathermy, and 
treated by endolaser photocoagulation after 
retinal attachment is achieved by intravitreal 
fluid-air or fluid-silicone exchange. 

When adequate relaxation of circumferential 
traction can be inferred from disappearance of 
meridional retinal folds, a fluid-air exchange is 
initiated with an automated air pump. Endo- 
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Fig. 5 (Aaberg). Top left, An incision (dotted line) 
is made by sharp blade or scissors in the anterior and 
posterior hyaloid vitreous surface remnant adhe- 
sions to the ciliary body processes or posterior iris. 
Top right, The meridional distance between the ante- 
rior and posterior vitreous base insertions is marked- 
ly reduced by the anteroposterior contraction within 
the vitreous base. Bottom left, The circumferentially 
contracted vitreous base is relaxed by multiple tran- 
secting incisions through the posterior and anterior 
insertions (dotted lines). Bottom right, When the 
circumferential vitreous base traction has been ade- 
quately relieved, the meridional retinal pleat-like 
folds disappear. 


drainage of subretinal fluid is essential to allow 
controlled removal of fluid. The tip of the 
endodrainage cannula is inserted through a 
drainage retinotomy”™ or existing retinal hole. 

Flynn and coauthors” devised a cannulated 
subretinal fluid aspirator and successfully elim- 
inated a posterior drainage retinotomy. The 
cannula can be advanced posteriorly after the 
outer shaft has been inserted subretinally 
through a preexisting retinal hole. This process 
does not, however, eliminate the possibility of 
damage to pigment epithelium with subse- 
quent late complications. The farther the can- 
nula is advanced, the greater the potential for 
pigment epithelial damage. 

After relaxation of traction, precise control of 
egress of subretinal fluid is critical, interrupt- 
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Fig. 6 (Aaberg). Circumferential vitreous base trac- 
tion is eradicated by multiple incisions of the posteri- 
or insertion without full-width radial transection of 
the vitreous base. 


ing the extrusion or suction if residual traction 
becomes apparent. If traction persists, air will 
pass subretinally or cause posterior retinal 
tears. Withdrawal of the drainage cannula, 
with continuation of the air infusion, stabilizes 
the tissue allowing further relaxation of persist- 
ing tractional membranes made taut by the air 
tamponade. Repetition of the process of se- 
quential fluid-air exchange makes apparent the 
persistence of posterior proliferative mem- 
branes. Relaxation of tractional membranes 
continues until the retina is attached. 

Retinal attachment may be precluded by sub- 
retinal proliferation, although the mere pres- 
ence of subretinal proliferative membranes 
does not necessitate segmentation or resection. 
If the subretinal proliferation prevents posteri- 
or retinal reattachment, it also is heralded by 
the infused air passing subretinally. If the sub- 
retinal membranes must be surgically man- 
aged, the tension lines in the retina made taut 
by the air tamponade must be evaluated to 
determine the appropriate location, configura- 
tion, and extent of the retinotomy necessary to 
facilitate approach to the membranes.” If the 
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subretinal proliferation is located posteriorly, 
the retinotomy must be small and perpendicu- 
lar to the membrane in the direction of the 
nerve fiber layer to minimize the visual field 
defect. The subretinal membrane can often be 
engaged by a hook and a portion pulled 
through, and fixated by, the edges of the reti- 
notomy (Fig. 7). The subretinal membrane is 
then grasped by intraocular forceps and drawn 
into the vitreous cavity (Fig. 8). The membrane 
is repeatedly regrasped at the retinotomy site 
so as to pull tangentially to the retinal surface 
and thus minimize enlarging the retinotomy. 
Distal fixation points of the subretinal mem- 
brane must be watched as the membrane is 
pulled through the retinotomy, aborting the 
removal if tractional holes appear imminent. In 
many cases, the entire membrane can be ex- 
tracted en bloc with complete release of the 
proliferative traction. 

If the subretinal membrane cannot be drawn 
through the retinotomy, segmentation by verti- 
cal cutting scissors is performed (Fig. 9). This 
technique is successful in relieving traction 
only when the subretinal membrane is narrow. 
If adequate relaxation is not achieved, multiple 
retinotomies and repeated segmentation must 





Fig. 8 (Aaberg). The subretinal membrane is 
grasped by forceps and drawn through the retinoto- 
my into the vitreous cavity. 





Fig. 7 (Aaberg). A portion of a subretinal mem- 
brane tissue is engaged by a tissue hook and pulled 
through, and fixated by, the edges of the retinotomy. 





Fig. 9 (Aaberg). Segmentation of a narrow con- 
tracted subretinal membrane by vertical cutting scis- 
sors. 
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be done until the retina flattens. In 17 consecu- 
tive cases (unpublished data) in which subreti- 
nal proliferative membranes required surgical 
management to achieve retinal reattachment, 
12 eyes (70%) were successfully attached after 
six months of follow-up. Visual acuity im- 
proved in nine of 17 eyes (53%), and six eyes 
(35%) had a visual acuity of 5/200. Better visual 
and anatomic results were achieved in eyes 
having narrow or branching subretinal mem- 
branes. Results were less favorable in eyes with 
diffuse sheet-like membranes and with posteri- 
or encircling rings of proliferative membranes. 

Once the posterior retina is free of epiretinal 
and subretinal traction and the retina appears 
flattened by the intravitreal tamponade, a care- 
ful inspection of the pars plana region must be 
conducted to be certain that the forward dis- 
placement of the vitreous base has been com- 
pletely relieved. If the incision in the vitreous 
base has been only through the posterior hya- 
loid and not through the anterior hyaloid, ante- 
rior displacement of the vitreous base will per- 
sist. If the displaced vitreous base and 
reduplicated peripheral retina are then com- 
pressed against the retinal trough (Fig. 10) by 
the fluid-air exchange, it appears that complete 
relaxation of the anterior traction has been 
accomplished. If this misinterpretation is 





Fig. 10 (Aaberg). The reduplicated peripheral reti- 
nal trough maintained by inadequate release of the 
anteriorly displaced vitreous base is compressed by 
intraocular air tamponade. Persistent shallow subret- 
inal detachment, which is often subclinical, is pres- 
ent posteriorly. 


made, the resulting conclusion is that the reti- 
na has been shortened by intrinsic retinal pro- 
liferation or contraction. The retinal literature 
contains reference to shortening of the retina 
after long-standing proliferative vitreoretinop- 
athy,”” preventing it from conforming to the 
posterior ocular contour upon apparent release 
of proliferative tissue. While such intrinsic reti- 
nal shortening may exist on rare occasion, my 
experience has shown that its appearance is 
usually the result of persisting juxtabasal pro- 
liferation and forward displacement of the vit- 
reous base. The inadequate release of prolifera- 
tive tissue may result from lack of recognition 
of the extent of the contraction or, in some 
cases, the technical inability to perform the 
necessary dissection and segmentation. 

Earlier in my experience I relied more exten- 
sively on adjunctive techniques to relieve trac- 
tion, that is, relaxing retinotomies. In the pres- 
ent series of 80 consecutive eyes with 
proliferative vitreoretinopathy followed up for 
more than six months postoperatively, I per- 
formed a peripheral relaxing retinotomy in 13 
of 47 eyes (28%) with anterior proliferation but 
in only one of 33 eyes (3%) with solely posterior 
proliferation. 

The orientation of the retinotomies was de- 
termined by the persisting traction. Radial 
retinotomies were performed in four eyes be- 
cause of circumferential anterior traction and 
subretinal membrane traction. Of the 13 eyes 
with anterior proliferation, nine underwent cir- 
cumferential relaxing retinotomies because of 
persistent anterior displacement of the vitreous 
base (anterior loop traction), three had retinot- 
omies for subretinal air, and one had a retinoto- 
my for subretinal membrane traction. Of the 12 
eyes with circumferential retinotomies, eight 
were performed for 90 to 360 degrees (Table 3). 
Of the four eyes requiring radial retinotomies, 
one was for 1.5 mm, two were for 3.0 mm, and 
one was for 4.5 mm. Because circumferential 
retinotomies were primarily performed to relax 


TABLE 3 
EYES WITH CIRCUMFERENTIAL RETINOTOMIES 
(N=12) 


TL 


SIZE (DEG) NO. % 
-.Ka iu _ 


Less than 90 4 33 
90 to 180 5 42 
180 to 270 2 17 
270 to 360 1 8 


-_ 
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persisting traction, in 11 of 12 eyes (92%) the 
retinotomy was at the equator or vitreous base. 
Radial retinotomies were primarily performed 
for subretinal proliferation and similarly were 
performed at the equator or vitreous base in 
three of four eyes. 

Anatomic success, defined as retinal attach- 
ment posterior to the scleral buckle, six months 
postoperatively was achieved in nine of 14 eyes 
(64%) with relaxing retinotomies. Of the five 
eyes (36%) that failed, two had posterior retinal 
attachment but became phthisical from ciliary 
body dysfunction caused by anterior contrac- 
tion. Only three eyes failed from repeat retinal 
detachment secondary to reproliferation. Expo- 
sure of pigment epithelium in the areas of the 
retinotomies did not lead to an increased rate of 
reproliferation in this series. The reprolifer- 
ation rate in these eyes was no greater than the 
rate in eyes without relaxing retinotomies. All 
eyes requiring both radial and circumferential 
relaxing retinotomies were failures, which cor- 
related with the intractable nature of the prolif- 
eration and not the reproliferation rate. The 
major problem was underestimation of the nec- 
essary size of the relaxing retinotomy allowing 
undetected traction to persist upon completion 
of the gas or silicone tamponade. At comple- 
tion of the dissection of anterior proliferation, 
with or without relaxing retinotomies, the pos- 
terior retina must be reattached and the ante- 
rior retina free of meridional folds (indicating 
complete release of anterior circumferential 
traction) to achieve the greatest possibility of 
long-term success. 

Endolaser photocoagulation has dramatically 
altered the technical capabilities of vitreoretinal 
surgery. Endolaser capability permits the per- 
formance of internal drainage of subretinal 
fluid through a drainage retinotomy, with the 
knowledge that the retinotomy can be effective- 
ly treated at the time of surgery. Furthermore, 
endolaser photocoagulation allows intraopera- 
tive treatment of retinal holes detected by high 
magnification of the operating microscope rath- 
er than relying on postoperative laser treat- 
ment through hazy ocular media. Finally, the 
ability to demarcate intractable anterior disease 
has facilitated success in some cases that would 
have otherwise failed. While this latter tech- 
nique was more significant earlier in this dec- 
ade, it continues to be a factor in the overall 
success rate. 

Experience has altered the manner in which I 
use endolaser photocoagulation. Initially, I 
used endolaser photocoagulation more diffuse- 
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ly in a panretinal fashion, with the rationale 
that it might ablate and eradicate remaining 
proliferative cells.“ This technique led to re- 
detachment from iatrogenic atrophic retinal 
holes. Excessive treatment causing atrophic 
retinal holes is a danger in eyes filled with air or 
silicone where heat cannot be adequately dissi- 
pated. Furthermore, endolaser photocoagula- 
tion should not be applied to retina with per- 
sisting traction. Weakened tissue under 
traction will form postoperative retinal holes. I 
currently limit treatment to peripheral retina 
supported by the encircling scleral buckle and 
to posterior retina where retinal holes already 
exist. When treatment is posterior to the scleral 
buckle, it is critical that all traction has been 
relieved in the area of treatment. 


Stabilization of the Attached Retina by 
Intraocular Tamponade 

Intraocular tamponade has been achieved for 
several decades by air, expansile gases, or sili- 
cone oil. Advantages and disadvantages are 
recognized for each tamponade modality (Table 
4). Silicone oil has the advantage of (1) provid- 
ing continuous tamponade, (2) permitting con- 
tinued partial attachment in rare cases where 
total reattachment cannot be achieved, (3) re- 





TABLE 4 
INTRAOCULAR TAMPONADE 
ADVANTAGES DISADVANTAGES 
Silicone Oil 


Continuous tamponade 

Facilitates partial retinal at- 
tachment when total reti- 
nal attachment cannot be 
achieved 

Stabilizes iris neovascular- 
ization after retinal reat- 
tachment 

Permits air travel 


Persistent surface for repro- 
liferation (? concentrates 
mitogens) 

Cataract 

Corneal decompensation 

Ocular hypertension 

Unknown toxicity 


Gas/Air 
Spontaneous disappearance Finite tamponade 
without reoperation Complications of reinjections for 
Repeat fluid-air exchange long-term tamponade 
possible for redetachment lridocorneal adhesions 
Corneal decompensation with 
positioning noncompliance 
Cataract 
Air travel not possible 
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duction of iris neovascularization in cases of 
proliferative vitreoretinopathy, and (4) permit- 
ting air travel immediately after hospital dis- 
charge. 

Reports continue of significant disadvantag- 
es with the use of silicone oil. The continuous 
oil tamponade creates both a persistent surface 
for reproliferation as well as containment and 
concentration of mitogenic substances in the 
limited preretinal fluid that exists in a silicone 
oil-filled eye (especially inferiorly and circum- 
ferentially over the vitreous base). Using an in 
vitro proliferation assay, Lambrou, Burke, and 
Aaberg” demonstrated that a silicone oil-filled 
vitreous cavity had increased mitogenic activity 
for retinal pigment epithelial cells when com- 
pared to a gas-filled or fluid-filled vitreous 
cavity. The experimental in vivo correlate dem- 
onstrated that by 28 days a higher proportion of 
the silicone-filled eyes (83%) had severe prolif- 
erative vitreoretinopathy than the perfluoro- 
propane-filled (30%) or fluid-filled (10%) eyes.” 

In a previous report of 31 consecutive eyes 
with idiopathic rhegmatogenic proliferative 
vitreoretinopathy for which silicone oil tam- 
ponade was used (viscosity, 1,000 centistokes), 
perisilicone proliferation caused recurrent 
traction-rhegmatogenous retinal detachment in 
19 of 31 eyes (61%).* A recurrent retinal de- 
tachment developed in 15 of 19 eyes (79%) with 
perisilicone proliferation occurring at an aver- 
age of four months after silicone injection. The 
presence of perisilicone proliferation reduced 
resultant visual acuity by retinal distortion and 
also reduced the ultimate long-term reattach- 
ment rate. Eleven of 12 eyes (92%) without 
perisilicone proliferation maintained retinal at- 
tachment, whereas only ten of 19 eyes (53%) 
with perisilicone proliferation were attached at 
the final visit. 

Bornfeld, El-Hifnawi, and Laqua™ corrobo- 
rated the aforementioned findings. The clinical 
use of silicone oil thus confirmed the experi- 
mental findings, demonstrating a high inci- 
dence of perisilicone proliferation. While im- 
portant as pilot data, these two series 
emphasize the need for a larger series of com- 
parable randomized groups of silicone- and 
gas-filled eyes.” 

Visually significant cataract develops pro- 
gressively in silicone-filled eyes within six to 12 
months after silicone oil injection. When cata- 
ract extraction is performed, the silicone can 
either be simultaneously removed or left in 
place with an intact posterior lens capsule. 


Clinical corneal decompensation occurs with- 
in months after continuous contact of silicone 
oil and corneal endothelium. While inferior 
iridectomy*” reduces the prevalence of sili- 
cone oil-endothelial contact in aphakic eyes, it 
still is a clinical problem best handled by re- 
moval of the silicone oil as soon as the retina is 
anatomically stable. Sternberg and associates” 
experimentally demonstrated a 40% reduction 
in endothelial cell density, detected by wide- 
field specular microscopy, within six days of 
contact between corneal endothelial cells and 
silicone oil. 

Ocular hypertension in silicone oil-filled eyes 
is of multivariate origin, and is often unknown. 
Pupillary block may occur but is not common 
with an inferior iridectomy.”*” Emulsified oil or 
intact silicone oil surface rarely is the cause of 
ocular hypertension since there usually is a 
fluid interface adjacent to the trabecular mesh- 
work. A deficiency in the underlying aqueous 
outflow capability of the eye, masked preopera- 
tively by the ocular hypotony of chronic retinal 
detachment, may become manifest upon 
achieving retinal reattachment. 

While the aforementioned anterior segment 
complications can cause significant ocular mor- 
bidity, these difficulties can be alleviated or 
prevented by removal of the silicone oil. Of 
more potential importance is the possibility of 
toxic retinopathy. Early reports of a lasting 
reduction in electroretinographic amplitude**” 
have not been corroborated by subsequent ex- 
perimental or long-term clinical®**** stud- 
ies. The absence of significant decline in the 
electroretinographic response from animal 
eyes after vitrectomy and silicone oil injec- 
tion supports the previously mentioned 
clinical studies, which indicated that the retina 
tolerated the intraocular silicone without func- 
tional silicone retinopathy. The question of 
ultrastructural changes persists. Experimental 
ultrastructural retinal abnormalities have been 
observed only six weeks after vitrectomy in 
areas in contact with silicone oil.” The effects of 
silicone oil may even go beyond what is dis- 
cernible by histologic examination,” emphasiz- 
ing that no permanent intraocular tamponad- 
ing agent is truly inert. 

Air or gas tamponade (Table 4) has the advan- 
tage of spontaneous disappearance, thus re- 
moving the surface for reproliferation without 
need for reoperation. Conversely, the resorp- 
tion of the gas bubble is also a disadvantage 
allowing only a finite tamponade of duration 
specific to the particular gas used. While repeat 
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fluid-air exchange with additional photocoagu- 
lation as an outpatient procedure for retinal 
redetachment is an advantage, the possible 
disadvantage of endophthalmitis from repeat 
intraocular injection must constrain inappro- 
priate enthusiasm. 

Persistent apposition of the gas bubble to 
corneal endothelium will cause corneal ede- 
ma.‘!” In the aphakic eye, particularly when 
the patient is noncompliant with instructions 
for proper prone positioning, complete irido- 
corneal apposition may occur. Buoyant forces 
from the bubble and resultant pupillary block 
combine to push the iris forward to the endo- 
thelial surface. After prolonged contact, adhe- 
sions form preventing spontaneous resolution 
upon resorption of the bubble. Han, Lewis, and 
Williams managed this complication on an 
outpatient basis by deepening the anterior 
chamber with sodium hyaluronate, concurrent- 
ly lysing persistent adhesions with a sweeping 
movement of the cannula. 

Finally, gas tamponade limits postoperative 
travel to surface carriers until the bubble is 
virtually gone. Dieckert and coauthors“ ob- 
served an average increase in intraocular pres- 
sure of 42 mm Hg with intraocular air volumes 
as small as 0.25 cc during simulated air travel in 
an altitude chamber. 

Each tamponade modality has its own inher- 
ent advantages that have attracted proponents, 
and disadvantages that have accentuated its 
culpability. Hopefully, the efficacy and safety 
of each modality will be elucidated by the 
multicenter evaluation of silicone oil and gas 
tamponade.” 


Results and Future Prospects 

Over the past 15 years since the development 
of pars plana vitrectomy, vast technological 
advances have occurred, including endoil- 
lumination, interchangeable ancillary instru- 
mentation of comparable caliber, automated 
microforceps, scissors, picks and tissue manip- 
ulators, intraocular diathermy, automated air 
infusors with fine autoregulation, and endo- 
laser photocoagulation. Additional advances 
have occurred in the biologic development of 
infusion solutions, expansile gas and silicone 
oil tamponade, hemostasis, and inhibition of 
cellular proliferation. These advances, com- 
bined with continuing surgical experience, led 
to a significant improvement in the success rate 
by the beginning of this decade (Fig. 4). The 
implementation of each advance has resulted in 
an improvement in the complete retinal reat- 
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tachment rate from 63% (in the initial quarter of 
the series) to 80% in the 52-month series of 
98 eyes with proliferative vitreoretinopathy 
(grade C-3 through D-3") of which 80 eyes were 
followed up for more than six months. Some of 
the results of this series have been reported 
previously." The improvement in the retinal 
reattachment rate was primarily attributable to 
an aggressive, direct surgical approach to the 
anterior proliferative vitreoretinopathy. These 
eyes were predominantly managed by gas tam- 
ponade. Randomization did not determine the 
selection of tamponade modality. Of the 80 
eyes followed up for six months or more, 33 
(41%) had only posterior proliferative vitreoret- 
inopathy. Of these 33 eyes, the retina was 
completely attached after an average follow-up 
period of 11 months in 23 eyes (70%), with an 
additional four eyes (12%) attached only pos- 
terior to the scleral buckle while detached an- 
teriorly. This gave an overall retinal attachment 
rate of 82%. Eighteen of these 33 eyes (54%) 
had a final visual acuity of 5/200 or better and 
five eyes (15%) had a visual acuity of 20/100 or 
better. In the 47 eyes in which significant ante- 
rior vitreoretinopathy caused retinal detach- 
ment, total retinal reattachment was achieved 
in only 27 (57%). An additional ten of these 47 
eyes (21%) had the retina attached only posteri- 
or to the scleral buckle. Therefore, the overall 
retinal attachment rate in this group with ante- 
rior vitreoretinopathy was 79% (37 of 47 eyes). 
Final visual acuity in this group with causally 
significant anterior vitreoretinopathy was also 
less than that in the group with only posterior 
vitreoretinopathy. Of 47 eyes with anterior vit- 
reoretinopathy, only 22 (47%) had a visual 
acuity of 5/200 or better. 

Interestingly, the visual acuity results in the 
eyes with conditions most difficult to manage 
surgically, that is, those requiring relaxing 
retinotomies, were comparable: six of 14 eyes 
(43%) had a visual acuity of 5/200 or better. 

As the series has expanded, it allows an 
interesting comparison to the earlier cases” 
that were operated on at a time when I had less 
experience and expertise in the dissection of 
anterior proliferative vitreoretinopathy. De- 
spite operating on eyes with even more com- 
plex anterior proliferative vitreoretinopathy in 
the latter part of the series, the total retinal 
reattachment rate and the visual acuity results 
of the eyes with significant anterior and poster- 
ior proliferative vitreoretinopathy now ap- 
proach those of eyes with only posterior prolif- 
erative vitreoretinopathy. It is apparent, 
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however, that eyes with a causally significant 
anterior proliferation had a reduced success 
rate compared to eyes with only posterior pro- 
liferation. The lesser success rate in eyes with 
significant anterior proliferation can be attrib- 
uted to difficulty in recognition of the full 
extent of the anterior disease as well as greater 
difficulty in surgically managing the anterior 
proliferation. Nevertheless, it is this group of 
eyes (that is, those with anterior proliferative 
vitreoretinopathy) that deserve the greatest at- 
tention in order to sustain the continuing in- 
crease in surgical reattachment rate. 

The results now asymptotically approach the 
maximum that surgical advances alone can ex- 
pect to achieve. The principal contemporary 
causes of failure of proliferative vitreoretinopa- 
thy surgery can be grouped into two categories. 
The first is redetachment of the posterior retina 
from reproliferation of periretinal tissue, inad- 
equate management of proliferative tissue, or 
from new retinal breaks. The second is loss of 
ocular integrity despite posterior retinal attach- 
ment leading to severe hypotony and phthisis 
bulbi. This occurrence usually indicates detach- 
ment of the retina anterior to the scleral buckle 
and the contiguous ciliary body. Reprolifer- 
ation remains the most common reason for 
surgical failure, and is usually manifest by six 
to eight weeks postoperatively. Future advanc- 
es will depend on continuing investigation into 
inhibition of the proliferative process. Im- 
provements will occur through reduction of 
mitosis of proliferative cells,“ interference with 
the attachment of proliferative cells to collagen 
structures,*"* and reduction of the reactive 
inflammatory process that stimulates cellular 
proliferation.” Hopefully, preoperative, in- 
traoperative, or postoperative pharmacologic 
inhibition of cellular proliferation, when com- 
bined with immobilization of residual cells and 
reduction of fibrin membrane formation, will 
eliminate reformation of posterior tractional 
membranes and anterior contraction in the vit- 
reous base. 

Inadequate initial management of prolifera- 
tive tissue decreases as surgical experience and 
expertise increase. Since the vitreous base dis- 
ease is least ophthalmoscopically noticeable in 
the composite of proliferative vitreoretinopa- 
thy, it is the component that most commonly is 
inadequately managed. Conversely, subretinal 
proliferation may be readily recognized but its 
clinical significance may be overestimated. 

New retinal breaks, causing repeat detach- 
ment, can result from persistent or recurrent 


traction. Atrophic holes at sites of previous 
photocoagulation or diathermy can cause re- 
current detachment without traction; there- 
fore, thermal treatment in an air- or silicone- 
filled eye, without fluid to dissipate the heat, 
must be done judiciously. 

Some degree of postoperative hypotony is 
not uncommon, despite retinal reattachment, 
with persistent and adequate visual function. 
Anterior traction with detachment of the ciliary 
body may cause a decrease in intraocular pres- 
sure to minimal or nonrecordable levels despite 
complete retinal attachment posterior to the 
scleral buckle. Phthisis bulbi may eventually 
occur, with loss of visual function, in the pres- 
ence of an attached posterior retina, emphasiz- 
ing the importance of adequate management of 
anterior proliferative vitreoretinopathy. 

Recognition of the spectrum of proliferative 
vitreoretinopathy has enabled vitreoretinal 
surgeons to reach new levels of success. This 
study emphasizes that the anterior prolifera- 
tion is the most difficult anatomic obstacle to 
surgical retinal reattachment in eyes with pro- 
liferative vitreoretinopathy. As these prolifera- 
tive components succumb to innovative man- 
agement techniques and adjunctive therapy, 
iatrogenic complications from our new technol- 
ogy must be reduced to an acceptable mini- 
mum. The combination of these accomplish- 
ments has virtually eliminated the concept of a 
technically inoperable retinal detachment. 
Now it is incumbent upon the surgeon to judge 
whether potential visual function of the patient 
warrants the available operative procedures. 
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A Review of 324 Cases of Idiopathic Premacular Gliosis 





Aaron P. Appiah, M.D., Tatsuo Hirose, M.D., and Masanori Kado, M.D. 


We reviewed the records of 324 patients (395 
eyes) seen between 1973 and 1987 with a diag- 
nosis of idiopathic premacular gliosis. Mean 
age of onset was 64.6 years, 189 (58.3%) were 
women, and all but six patients were white. 
Initial visual acuity was 20/40 or better in 214 
eyes (54.2%), 20/50 to 20/100 in 136 eyes 
(34.4%), and poorer than 20/100 in 45 eyes 
(11.4%). Follow-up examinations were made in 
214 eyes. After a mean follow-up period of 33.6 
months, 106 (49.5%) of the 214 eyes maintained 
a visual acuity within one line of initial visual 
acuity, 28 (13.1%) were more than one line 
better, and 80 (37.4%) were poorer. Partial or 
complete posterior vitreous detachment was 
present in 303 (84.9%) of the 357 eyes undergo- 
ing vitreous study; 43 (14.2%) of these 303 eyes 
had partial vitreous detachment with vitreous 
adhesion to the macula. Cystoid macular 
edema was present on angiography in 77 
(20.6%) of 373 eyes undergoing fluorescein 
angiography; 20 (26.0%) of these 77 eyes had 
partial posterior vitreous detachment with vit- 
reous adhesion to the macula, whereas only 23 
(7.8%) of the 296 eyes without cystoid macular 
edema had such vitreous adhesion (P < .001). 
Other findings were myopia in 116 of 367 eyes 
(31.6%) (103, or 88.8%, of the myopic eyes had 
posterior vitreous detachment), and increased 
intraocular pressure in 56 of 324 eyes (17.3%). 


Wise first described in detail idiopathic pre- 
macular fibrosis without antecedent ocular dis- 
ease or surgery.’ Since then several other 
studies have expanded our knowledge of this 
syndrome.** The consensus is that it occurs 
predominantly in the elderly who usually expe- 
rience metamorphopsia, mild to moderate visu- 
al loss, and posterior vitreous detachment. 
Most patients retain stable vision without sur- 
gical intervention. Histopathologic studies 
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show proliferation of retinal glial cells that have 
gained access to the retinal surface through 
breaks in the internal limiting membrane pro- 
duce the membrane. It has been postulated that 
these breaks may be created when the posterior 
vitreous detaches from the retina.*!"" 

We reviewed the records of 324 patients (395 
eyes) with idiopathic premacular gliosis that 
had been followed up for an average of 33.6 
months (range, one month to 14 years) to deter- 
mine the natural course of this syndrome. 


Patients and Methods 


We reviewed the charts of 511 consecutive 
patients seen between 1973 and 1987 with a 
diagnosis of preretinal fibrosis, preretinal glio- 
sis, or macular pucker; 187 patients were ex- 
cluded because of previous ocular disease or 
surgery. Of the remaining 324 patients, 62 
(19.1%) were affected in both eyes at the initial 
examination and nine became affected in the 
fellow eye during the follow-up period, giving 
a total of 395 eyes. All charts included demo- 
graphic data, visual acuity by standard Snellen 
chart, results of slit-lamp biomicroscopy, intra- 
ocular pressure by applanation tonometry, and 
color fundus photographic documentation. 
Most of the eyes (357) had undergone at least 
one detailed vitreous study with the El Bayadi- 
Kajiura precorneal lens, and there was a de- 
tailed drawing or photographic documentation 
in the chart; 373 eyes had had at least one 
fluorescein angiographic evaluation. 

Of the 324 patients, 214 had follow-up exami- 
nations ranging from one month to 14 years 
later (mean, 33.6 months). The exact time of 
onset of symptoms as reported by the patient 
was known in 230 of the 324 cases. 

Hypertension was defined as a systolic pres- 
sure greater than 160 mm Hg or a diastolic 
pressure greater than 95 mm Hg on two or more 
occasions or a history of hypertension that was 
under the care of a physician. Increased intra- 
ocular pressure was defined as greater than 21 
mm Hg on at least two visits. We excluded 
patients receiving therapy for any type of glau- 
coma and patients with visual field or optic 
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nerve changes consistent with open-angle 
glaucoma. Myopia was defined as any negative 
spherical equivalent refraction. These defini- 
tions of hypertension, increased intraocular 
pressure, and myopia matched the criteria of 
the Framingham Eye Study Monograph.” We 
matched our patients by age, sex, race, and 
geographic location to those in the Framing- 
ham Eye Study Monograph. The chi-square test 
was used to determine statistical significance, 
and P < .05 was considered significant. 





Results 





The mean (+ S.D.) patient age was 64.6 + 
12.0 years (range, 18 to 94 years), and most 
patients were over age 50 years. There were 189 
women (58.3%) and 135 men (41.7%), and 318 
of the patients (98.1%) were white. 

Visual acuity was grouped into three catego- 
ries: 20/40 or better, 20/50 to 20/100, and poorer 
than 20/100 (Table). Overall, of the 214 eyes 
followed up for a mean period of 33.6 months, 
final visual acuity was within one line of initial 
visual acuity in 106 eyes (49.5%), it was more 
than one line better in 28 eyes (13.1%), and it 
was more than one line poorer in 80 eyes 
(37.4%). 

Although 62 (19.1%) of the 324 patients had 
bilateral involvement initially, only nine fellow 
eyes developed premacular gliosis during the 
follow-up period. Of these nine fellow eyes, six 
had posterior vitreous detachment initially and 
three developed it before the onset of pre- 
macular gliosis in that eye. 

Of the 357 eyes undergoing vitreous studies, 
303 (84.9%) had partial or complete posterior 
vitreous detachment, and 43 (14.2%) of these 
303 eyes had partial posterior vitreous detach- 
ment with persistent vitreous adherent to the 
macula. Of 373 eyes undergoing fluorescein 
angiography, 77 (20.6%) had angiographic evi- 


TABLE 
INITIAL VS FINAL VISUAL ACUITY* 





INITIAL FINAL 
(N = 395) (N = 214) 
VISUAL ACUITY NO. (%) NO. (%) 
20/40 or better 214 (54.2) 97 (45.3) 
20/50 to 20/100 136 (34.4) 77 (36.0) 
Poorer than 20/100 45 (11.4) 40 (18.7) 
CAERA a 


*Mean follow-up period, 33.6 months. 


dence of cystoid macular edema; 20 of these 77 
eyes (26.0%) had partial posterior vitreous de- 
tachment with vitreous adherent to the macula, 
whereas only 23 (7.8%) of the 296 eyes without 
cystoid macular edema had partial posterior 
vitreous detachment with vitreous adherent to 
the macula (P < .001). Furthermore, 18 of 20 
eyes (90.0%) with cystoid macular edema and 
vitreous adherent to the macula had an initial 
visual acuity of 20/50 or poorer, whereas only 
163 of 375 other eyes (43.5%) had an initial 
visual acuity of 20/50 or poorer. 

Of 367 eyes with a refractive error, 116 
(31.6%) were myopic (mean spherical equiva- 
lent, —2.50 diopters). A partial or complete 
posterior vitreous detachment was present in 
103 (88.8%) of these eyes. In the Framingham 
Eye Study 17.7% (466 of 2,631) were myopic 
(P < .01). We found 56 of 324 patients (17.3%) 
with intraocular pressure greater than 21 mm 
Hg compared to 200 of 2,631 (7.6%) in the 
Framingham Study (P < .01). There was no 
statistical difference (P > .05) between the two 
studies in the proportion of patients with vas- 
cular hypertension (118 of 324, or 36.4%, in our 
study vs 726 of 2,631, or 27.6%, in the Framing- 
ham study). 





Discussion 





Preretinal macular fibrosis syndrome occurs 
predominantly in the elderly, is frequently as- 
sociated with a posterior vitreous detachment 
(60% to 90% of cases), and usually does not 
affect visual acuity (62% to 77% of cases).** Our 
results tend to support this profile: the mean 
age of our patients was 64.6 years, 84.9% of the 
eyes (303 of 357) had a partial or complete 
posterior vitreous detachment, and 62.6% (134 
of 214) had stable or improved vision over a 
mean follow-up period of 33.6 months. 

Our finding that eyes with partial posterior 
vitreous detachment and persistent vitreous 
adherent to the macular area had significantly 
more angiographic cystoid macular edema (P < 
.001) and worse average vision was also noted 
by Hirokawa and associates.’ In their study, 29 
of 250 eyes with partial posterior vitreous de- 
tachment and vitreous traction at the macula 
had worse anatomic and functional findings 
than those eyes with premacular gliosis and 
either no or complete posterior vitreous de- 
tachment. They also postulated that proliferat- 
ing premacular glial tissue may form attach- 
ments to the partially detached posterior 
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vitreous cortex, creating stronger vitreomacu- 
lar adhesions that may result in cystoid macu- 
lar edema when the tissue contracts. 

We found that myopia and increased intraoc- 
ular pressure or ocular hypertension may be 
common factors in the development of pre- 
macular gliosis. We compared the data from 
2,631 patients (5,262 eyes) from the Framing- 
ham Eye Study Monograph to that from our 
group because the two groups were similar in 
mean age (64.6 vs 65.2 years), sex ratio (58.3% 
female vs 57.6%), race (virtually all white in 
both groups), and geographic location. Both 
myopia and increased intraocular pressure 
were significantly more prevalent in our group 
than in the Framingham study (P < .01). 

Of the myopic patients in our study, 88.8% 
(103 of 116) had a partial or complete posterior 
vitreous detachment. Since it has been estab- 
lished that posterior vitreous detachment is a 
predisposing factor in the development of pre- 
macular gliosis, the higher incidence of posteri- 
or vitreous detachment in myopic individuals’ 
probably explains this finding. We do not know 
why there was a higher incidence of pre- 
macular gliosis in patients with increased intra- 
ocular pressure or ocular hypertension. 

Because of the inevitability of lens changes 
over time in an elderly population, it is difficult 
to ascribe the changes in visual acuity over the 
duration of this study solely to the progression 
of the premacular gliosis. We have attempted to 
minimize this factor by excluding all patients 
who had any ocular surgery during the follow- 
up period and those who developed significant 
cataract or other age-related diseases like mac- 
ular degeneration during the same period. 

The data generated from this study have 
been used to counsel patients with idiopathic 
premacular gliosis. Generally, if only one eye is 
involved at the outset, it is safe to assert that 
there is less than a 3% chance of premacular 
fibrosis occurring in the fellow eye. Visual acu- 
ity may also remain stable in more than 60% of 
these patients. Patients with the poorest prog- 
nosis are those with a partial posterior vitreous 
detachment with persistent vitreous adherent 
to the macula, since they are more prone to 
developing cystoid macular edema and its at- 
tendant decrease in visual acuity. Finally, myo- 
pia and increased intraocular pressure may be 
common or even predisposing factors and 
should be looked for in all patients. 
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Clinicopathologic Correlation of Pigmented Epiretinal 


Membranes 
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We performed clinicopathologic correlation 
on ten surgically removed pigmented epireti- 
nal membranes causing macular pucker. All 
cases occurred in eyes with existing retinal 
holes or tears, including eight cases of macular 
pucker after previous retinal detachment. 
These cases probably represented a limited 
form of proliferative vitreoretinopathy. All 
membranes contained pigment epithelial cells 
with polarity, basement membrane, and 
melanosomes. Cytoplasmic melanin granules 
accounted for the clinical feature of pigmenta- 
tion in these eyes. 


EPIRETINAL MEMBRANES causing macular 
pucker occur in association with open retinal 
tears, such as in eyes with proliferative vitreo- 
retinopathy, after retinal detachment surgery, 
and in eyes with tears without retinal detach- 
ment and with or without prior laser or cryo- 
pexy treatment; proliferative and nonprolifera- 
tive retinal vascular disorders; intraocular 
inflammatory conditions; ocular trauma includ- 
ing blunt and penetrating injuries, and anterior 
or posterior segment surgery; and otherwise 
normal eyes (idiopathic). Pigmented epiretinal 
membranes are infrequent, except in eyes with 
typical proliferative vitreoretinopathy. 

The incidence of macular pucker after suc- 
cessful retinal detachment surgery varies from 
4% to 8%.'* Pigmented epiretinal membranes 
occurring in eyes with retinal tears or previous 
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retinal detachment have been reported with a 
variable incidence.** In 500 eyes with retinal 
detachment, 11 (2%) were noted to have pig- 
mented epiretinal membranes,‘ and 20% of epi- 
retinal membranes after retinal reattachment 
surgery have been reported to be pigmented.’ 
A pigmented epiretinal membrane in an eye 
without an apparent retinal break has also been 
noted." 

We studied the clinical and ultrastructural 
features of ten pigmented epiretinal mem- 
branes that caused macular pucker and were 
removed by vitreous surgery. 





Material and Methods 





Ten pigmented epiretinal membranes ob- 
tained during pars plana vitrectomy were pro- 
cessed for ultrastructural analysis. Designa- 
tion as a pigmented membrane was made 
preoperatively based on the clinical appearance 
(Figs. 1 and 2). Each membrane covered and 
distorted part of the macula and apparently 
caused reduced vision. The pigmented mem- 
brane occurred after anatomically successful 
retinal reattachment surgery in eight eyes, 
after laser photocoagulation of a symptomatic 
retinal tear in one eye, and with a spontaneous- 
ly sealed retinal tear in one eye. 

The specimens were removed separately 
from the eye and immediately fixed in a 
phosphate-buffered mixture of 1% glutaralde- 
hyde and 4% formaldehyde for 20 minutes and 
a 2.5% glutaraldehyde solution for two hours, 
and postfixed in 2% phosphate-buffered osmi- 
um tetroxide. After dehydration the specimens 
were embedded in epoxy resin and sections 
were prepared and stained with paraphenyl- 
enediamine for phase contrast light microsco- 
py, and uranyl acetate and lead citrate for 
transmission electron microscopy. The vitreous 
aspirates were concentrated by a Millipore filter 
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Fig. 1 (Cherfan and associates). Case 10. Top, 
Ophthalmoscopic appearance of pigmented epireti- 
nal membrane in the macular area with evidence of 
contraction. Bottom, Multiple areas of epiretinal pig- 
mentation in the superior temporal midperiphery. 


and studied by light microscopy after a modi- 
fied Papanicolaou staining technique." 


n 


Results 


on 


The specimens were obtained from six 
women and four men, with an average age of 49 
years (Table 1). The time interval between the 
previous retinal reattachment surgery or laser 
treatment and onset of symptoms of the epireti- 
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Fig. 2 (Cherfan and associates). Case 9. Preopera- 
tive (top) and postoperative (bottom) appearance of 
pigmented epiretinal membrane. 


nal membrane was less than nine months in 
eight cases and less than two months in five 
cases. Patient 6 had asymptomatic retinal tears 
that had not been previously treated. The inter- 
val between the onset of symptoms caused by 
traction from the epiretinal membrane and vit- 
rectomy for membrane removal was six months 
or less in nine patients and 34 months in one 
patient. Preoperative visual acuity was 20/60 or 
less in all patients. Postoperative visual acuity 
improved at least two Snellen lines in nine 
patients and decreased in one patient because 
of cataract formation. The length of follow-up 
ranged from six to 60 months (mean, 16 
months). 

Cell types were identified according to previ- 


YI 
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TABLE 1 
CLINICAL FEATURES OF PIGMENTED EPIRETINAL MEMBRANES 





INTERVAL* 
PATIENT NO., (mos) VISUAL ACUITY 
AGE (yrs), —_—_—_—_—_— ASSOCIATED ee FOLLOW-UP 
SEX A B CONDITION PREOPERATIVE POSTOPERATIVE (mos) 
1, 48, F 7 1 After retinal 20/70 20/40 9 
detachment 
2; 57,.F T 1 After retinal 20/400 20/200 11 
detachment 
S 6 F 8 <1 After retinal 20/300 20/400 6 
detachment 
4, 58, M 2 2 After laser treatment 20/200 20/50 6 
to a symptomatic 
retinal hole 
5, 65,.F 4 1 After retinal 20/400 20/200 15 
detachment 
6; 72..F — 6 After self-sealed 20/60 20/40 6 
retinal tears 
7, 36, M 2 2 After retinal HM 5/200 6 
detachment 
8, 66, M 2 2 After retinal 2/200 20/80 36 
detachment 
9, 47, M 1 34 After retinal 20/300 20/70 60 
detachment 
10, 39, F 2 3 After retinal 20/80 20/60 6 
detachment 





*A, interval between original therapeutic procedure (that is, retinal reattachment surgery or laser treatment) and symptoms of epiretinal 
membrane; B, interval between symptoms of epiretinal membrane and removal by vitrectomy. Patient 6 had not had previous retinopexy for 
the two asymptomatic retinal tears. 


ously described histopathologic characteris- cal processes, and junctional complexes (Figs. 3 

tics. Retinal pigment epithelial cells were the through 8). Prominent nonmembrane-bound 

predominant cell in all cases (Table 2) and were pigment granules were present in these cells 

identified by characteristics including polarity and were classified as mild in two cases and 

with well-developed basement membrane, api- moderate in eight cases. Nine of ten specimens 
TABLE 2 


HISTOPATHOLOGIC FEATURES OF PIGMENTED EPIRETINAL MEMBRANES 





INTERNAL NERVE 

PATIENT CELL MYOFIBROBLASTIC LIMITING FIBER BLOOD 
NO. TYPES" DIFFERENTIATION MEMBRANE COLLAGEN PIGMENT LAYER VESSELS 
1 RPE, FA Yes Present Old Moderate Present Absent 
2 RPE Yes Present Old Mild Present Present 
3 RPE Yes Absent Old Moderate Absent Present 
4 RPE, M Yes Present Old Moderate Present Absent 
5 RPE No Present New Moderate Absent Absent 
6 RPE, M Yes Present Old Moderate Absent Absent 
7 RPE, FA, M Yes Absent Old Mild Absent Present 
8 RPE, M Yes Present Old Moderate Absent Absent 
9 RPE Yes Present Old Moderate Present Absent 
10 RPE, FA, M Yes Absent Old Moderate Absent Absent 





*RPE, retinal pigment epithelial cells; FA, fibrous astrocytes; M, macrophages. 
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Fig. 3 (Cherfan and associates). Left, Retinal pigment epithelial cells arranged in a monolayer along the inner 
surface of the membrane (asterisk) and a tubuloacinar pattern (arrows) within in a collagen matrix (x 1,500). Top 
and bottom right, Cells contain numerous cytoplasmic melanin granules and have prominent basement 
membrane (arrowheads) (top right, x 15,000; bottom right, x 16,500). 


also showed retinal pigment epithelial cells 
with features of myofibroblastic differentiation 
as evidenced by the presence of subplasmalem- 
mal aggregates of 5- to 7-nm diameter intracy- 
toplasmic filaments with fusiform densities 
(Figs. 4 and 6). 

Fibrous astrocytes were identified in two 
cases by the presence of prominent 10-nm bun- 
dles of cytoplasmic filaments, interdigitating 
cytoplasmic processes, and basement mem- 
brane (Fig. 8). Macrophages were identified in 
four specimens and were characterized by epi- 
thelioid appearance, pleomorphic intracyto- 
plasmic granules, and secondary lysosomes 
without other distinguishing characteristics. 

Collagen fibers 10 to 15 nm in diameter were 
present in nine of the ten specimens and were 
considered to be native vitreous collagen." 


Larger collagen fibrils with a diameter of 20 to 
25 nm were present in one case and believed to 
represent newly formed collagen.” Fragments 
of internal limiting membrane were identified 
in seven specimens (Fig. 6). Tissue from the 
underlying nerve fiber layer was identified in 
four cases by the presence of nerve fibers con- 
taining 25-nm diameter neurotubules. Capillar- 
ies located on the retinal side of the internal 
limiting membranes were present in three spec- 
imens. 


Discussion 


Retinal pigment epithelial cells have been 
described as a major consitituent in epiretinal 
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Fig. 4 (Cherfan and associates). Multiple layers of retinal pigment epithelial cells with peripheral basement 
membrane (arrows and bottom right), marginally located aggregates of 5- to 7-nm diameter microfilaments with 
fusiform densities (arrowhead and bottom right) and nonmembrane-bound cytoplasmic melanin granules 
(bottom left) (top, x 8,000; bottom left, x 20,000; bottom right, x 50,000). 


membranes associated with proliferative vitre- 
oretinopathy,'*'’ causing macular pucker after 
retinal detachment surgery*®*” and in other 
conditions.’ Retinal pigment epithelial cells 
were the predominant cell type in each of our 


ten cases of pigmented epiretinal membranes. 
Melanosomes and occasional melanolipofuscin 
granules were found in the retinal pigment 
epithelial cells in all specimens, presumably 
accounting for the pigmented clinical appear- 


Vol. 106, No. 5 


Pigmented Epiretinal Membranes 541 


S ee eee SS SS See 





$ Ee * u k 
Fig. 5 (Cherfan and associates). Monolayer of retinal pigment epithelial cells with overlapping cell processes, 


basement membrane (arrow), apical villous proces 


(x 34,000). 


ance. Occasionally melanin granules were also 
dispersed in the extracellular space and in mac- 
rophages. 

Epiretinal membranes that occur after retinal 
detachment or in association with retinal tears 
can be considered to represent a limited form of 
proliferative vitreoretinopathy. The time inter- 


ey 
see 





= ee i. + 


ses, and apically located cytoplasmic melanin granules 


val from the previous treatment of the retinal 
breaks or detachment to formation of the epi- 
retinal membrane in our patients was similar to 
that usually observed in eyes with typical pro- 
liferative vitreoretinopathy. Also, many eyes 
with macular pucker after acute retinal tears, 
with or without detachment, may have other 
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Fig. 6 (Cherfan and associates). Thick specimen composed of multiple layers including retinal pigment 
epithelium with basement membrane (arrow and bottom right) and aggregates of 5- to 7-nm filaments with 
fusiform densities (arrowheads, bottom right); a layer of native collagen (asterisks); gathered internal limiting 
membrane (ILM); and retinal nerve fibers (NF and bottom left) (x 14,000). 


areas of epiretinal membrane formation in the 
inferior equatorial zone. 

The association of pigmented epiretinal 
membranes with retinal tears suggests that the 
mechanism involved in epiretinal membrane 
formation includes dispersion of retinal pig- 


ment epithelial cells directly into the vitreous 
cavity, with subsequent cellular attachment on 
dependent portions of the retinal area. 1%?! 
Therefore, these cells may retain native retinal 
pigment epithelial cell characteristics, such as 
intracellular melanin pigment granules. Special 
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stains of the vitreous aspirates of our speci- 
mens showed no evidence of iron. Pigmenta- 
tion caused by hemosiderin may be a theoreti- 
cal contributor to epiretinal pigmentation. In 
some situations the cells probably undergo 
multiple cycles of cell division, thereby altering 
the cellular features and possibly accounting 
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Fig. 7 (Cherfan and associates). Top, Monolayer of retinal pigment epithelial cells with basement membrane 
(arrowhead) and a cilium (arrow) (X 8,400). Bottom, Higher power photograph showing intracellular, 
nonmembrane-bound granules (X 15,000). 


for the lack of intracellular pigment despite 
retaining other ultrastructural features of reti- 
nal pigment epithelial cells. 

Clinicopathologic studies examine features 
of the membrane at only one point in time, and 
the cell types and their features may vary 
considerably over time. This may explain the 
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Fig. 8 (Cherfan and associates). Thick fibrocellular epiretinal membrane with monolayer of fibrous astrocytes 
(FA) with basement membrane (arrowhead and bottom left) and large bundles of 10-nm filaments (arrows and 
bottom left) along the inner surface. The next layer contains moderately compacted collagen in which retinal 
pigment epithelium, arranged in a tubuloacinar pattern, is surrounded by basement membrane (BM and bottom 
right) and contains numerous melanin pigment granules. A process of a fibrous astrocyte containing 10-nm 
filaments (asterisk and bottom right) indents a retinal pigment epithelial cell (top, x 3,000; bottom left and right, 


x 15,000). 
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results of another study in which only six of 12 
specimens from eyes with epiretinal mem- 
branes showed retinal pigment epithelial cells 
after retinal detachment.” All eyes in the cur- 
rent study had pigmented membranes, possi- 
bly reflecting a more standardized state of cell 
structure and differentiation. 

Tissue from the underlying nerve fiber layer 
was present in four of the ten specimens. This 
has been described previously in epiretinal 
membrane specimens, but was rare.’ In this 
series it was not associated with apparent ad- 
verse clinical consequences. Postoperatively, 
visual acuity improved in each of the four eyes 
in which the specimen contained neural tissue, 
and no patient noted a new scotoma. No partic- 
ular difficulty was encountered in removing the 
membranes in these eyes, but the presence of 
neural tissue fragments in the specimen may 
indicate that the cells had an especially tena- 
cious adhesion to the underlying retinal sur- 
face. Similarly, patients in whom the speci- 
mens contained retinal capillaries experienced 
no untoward effects on vision. 

A principal finding in this study of pigment- 
ed epiretinal membranes was the presence of 
retinal pigment epithelium and some macro- 
phages with cytoplasmic pigment granules. 
These were more electron-dense than lipofus- 
cin granules and were generally round or oval 
in shape. 
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Local Macular Electroretinographic Responses in 


Idiopathic Central Serous Chorioretinopathy 





Yozo Miyake, M.D., Noriyasu Shiroyama, M.D., Ichiro Ota, M.D., 
and Masayuki Horiguchi, M.D. 


Using focal stimuli to human macular re- 
gions, we recorded electroretinograms in 24 
patients with central serous chorioretinopathy 
of recent onset (mean visual acuity, 20/20). 
The stimulus spot was 10 degrees in diameter. 
Intact fellow eyes served as controls. The local 
macular electroretinograms of the affected 
eyes were significantly reduced and the im- 
plicit time in each component was significant- 
ly prolonged. The mean (+ S.D.) amplitudes, 
expressed as percentages of mean amplitudes 
recorded in fellow eyes, were 64.6% + 22.7% 
(a-wave), 49.6% + 21.0% (b-wave), and 15.0% 
+ 21.6% (oscillatory potentials). Two to five 
months after the macular detachment re- 
solved, recordings in 18 patients showed re- 
markable recovery of a- and b-waves and 
shortened implicit times. However, the oscil- 
latory potentials showed significantly small 
recovery in amplitude. 

Since oscillatory potentials and b-waves 
were significantly more deteriorated than a- 
waves in the presence of macular detachment, 
and oscillatory potentials showed selective 
delay of recovery in the convalescent stage, 
central serous chorioretinopathy may involve 
functional disturbances in the inner retinal 
layer as well as the photoreceptors. 


IDIOPATHIC CENTRAL serous chorioretino- 
pathy typically affects young and middle-aged 
adults. Ophthalmoscopically, the retinal pig- 
ment epithelium and the sensory retina appear 
to be elevated because of the accumulation of 
serous fluid. When the retinal detachment ex- 
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tends into the central macular area, the patient 
typically develops metamorphopsia, a relative 
scotoma, and micropsia. Visual acuity is often 
only slightly decreased and may be improved 
to near normal by small hyperopic correction. 

Approaches to investigation of this disease 
have included foveal densitometry,' foveal 
dark adaptation,' color vision tests,’ Steiles- 
Crawford effect,? visual-evoked potentials,’ 
and photostress recovery tests.‘ Local macular 
electroretinograms have also been used by a 
few investigators.” Nagata and Honda? re- 
ported that in approximately 90% of their pa- 
tients with central serous chorioretinopathy 
b-waves had smaller amplitudes in the affected 
eye than in the normal fellow eye. Previous 
studies using local electroretinograms have 
measured only the b-wave amplitude®»; in this 
study we measured the a-wave and oscillatory 
potentials as well. We previously recorded os- 
cillatory potentials, as well as a- and b-waves, 
in the human macular region’ and herein ap- 
plied this technique to the study of central 
serous chorioretinopathy. 





Patients and Methods 





The system used for recording a local macu- 
lar electroretinogram has been previously de- 
scribed." Briefly, an infrared television fundus 
camera was mounted to monitor the exact locus 
of stimulation on the macula. The stimulus 
light, background illumination, and fixation 
target were installed in the fundus camera. The 
size, frequency, and intensity of the stimulus 
spot were changeable, as was the level of back- 
ground illumination. The stimulus spot and 
fixation target could be moved independently 
over the entire 25-degree area of central fundus 
to be examined. The background light was sent 
to the eye from the fundus camera at a visual 
angle of 45 degrees. Additional background 
illumination outside the central 45 degrees pro- 
duced homogeneous background illumination 
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for nearly the entire visual field. The Burian- 
Allen bipolar contact lens electrode used for 
electroretinographic recording allowed only an 
extremely low noise level and permitted clear 
fundus observation with the television moni- 
tor. The intensity of the white stimulus light 
and background light were 3.2 and 2.2 scotopic 
trolands (log), respectively. 

After the subjects’ pupils were fully dilated 
with 0.5% tropicamide and 0.5% phenyleph- 
rine hydrochloride, electroretinograms were 
recorded with 5-Hz rectangular stimuli, admin- 
istered as 100 msec of light on and 100 msec of 
light off. The center of the stimulus spot was on 
the fovea. A total of 512 responses were aver- 
aged by a signal processor. Two recordings 
were made simultaneously; a time constant of 
0.03 seconds with a 100-Hz high-cut filter on 
the amplifier was used to record a- and b- 
waves, and a time constant of 0.003 seconds 
with a 300-Hz high-cut filter was used to record 
oscillatory potentials. The amplitudes were 
measured from the isoelectric line to the trough 
of the a-wave (a-wave amplitude) and from the 
trough of the a-wave to the peak of the b-wave 
(b-wave amplitude). The amplitude of each 
oscillatory potential (O1, O2, and O3) was 
measured from a baseline that was drawn as a 
first order approximation between the troughs 
of successive wavelets. Since the fourth wave- 
let (04) in normal subjects was missing in some 
instances, we limited the measurement to the 
constantly recordable O1, O2, and O3 wave- 
lets. 

Electroretinograms previously produced by 
this method were generated by the cone sys- 
tem, and responses elicited by spot stimuli 
with sizes ranging from 5 to 15 degrees were 
local responses.™ In this study we used a spot 
size of 10 degrees in diameter for the stimulus. 

We examined 24 patients with unilateral cen- 
tral serous chorioretinopathy. Visual acuity, 
ophthalmoscopic findings, and fluorescein an- 
giography were normal in all fellow eyes. The 
local macular electroretinographic responses of 
all fellow eyes also had normal amplitudes and 
implicit times, when compared with those of 54 
age-matched normal subjects." 

The subjects ranged in age from 24 to 51 years 
(mean, 40.3 years). None showed significant 
abnormalities on slit-lamp examination, and 
none had diabetes, hypertension, or other sys- 
temic disease. We selected patients with rela- 
tively recent onset central serous chorioretino- 
pathy and best-corrected visual acuity ranging 
from 20/50 to 30/20 (mean, 20/20). Patients with 


a history or ophthalmoscopic evidence of pre- 
vious detachment were excluded. 

The macular detachment ranged in diameter 
from 6.5 to 16 degrees (mean, 9.5 degrees). 
Eighteen patients were reexamined two to five 
months after the macular detachment resolved 
and visual acuity had improved to near normal. 
Twelve of these patients had been treated with 
argon laser photocoagulation to cover the area 
of fluorescein leakage. Treatment modalities 
included durations of 0.1 second, 100-um spot 
size, and 100-mW intensity. The number of 
clinically evident burns varied between one 
and three. 





Results 





The local macular electroretinographic re- 
sponses of five representative patients with 
central serous chorioretinopathy are shown in 
Figure 1. The affected eyes showed reduced 
amplitudes in all patients. In 24 patients, the 
mean (+ S.D.) amplitude, expressed as per- 
centages of the amplitudes in unaffected fellow 
eyes, were 64.6% + 22.7% (a-wave), 49.6% + 
21.0% (b-wave) and 15.0% + 21.6% (oscillatory 
potentials). The amplitude of the a-wave, 
b-wave, and oscillatory potentials in the affect- 
ed eyes is significantly smaller than that in the 
normal fellow eye (P < .001). The percent 
amplitude of the b-wave to the normal fellow 
eye is significantly smaller than that of the 
a-wave (P < .005), and the percent amplitude of 
oscillatory potentials is significantly smaller 
than that of the b-wave (P < .005) or the a-wave 
(P < .005). 

We also compared the amplitudes of the af- 
fected eyes with those of 54 age-matched nor- 
mal subjects. In the affected eyes, the mean 
(+ S.D.) amplitudes were 0.82 + 0.26 pV 
(a-wave), 1.45 + 0.64 pV (b-wave), and 0.16 + 
0.21 pV (oscillatory potentials), whereas in nor- 
mal subjects they were 1.25 + 0.24 pV (a-wave), 
2.91 + 0.79 pV (b-wave), and 1.10 + 0.70 pV 
(oscillatory potentials). The amplitudes of the 
a-wave, b-wave, and oscillatory potentials in 
affected eyes are significantly smaller than 
those in age-matched normal eyes (P < .001). 

The implicit times of electroretinographic 
components for the affected eyes were longer 
than those for the fellow eyes. In 24 patients 
the mean (+ S.D.) implicit times in the affected 
eyes were 25.5 + 2.5 msec (a-wave), 50.0 + 3.8 
msec (b-wave), 28.6 + 2.0 msec (O1), 33.8 + 1.6 
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Fig. 1 (Miyake and associates). Local macular electroretinograms in five representative patients with 
idiopathic central serous chorioretinopathy. The stimulus spot was 10 degrees in diameter. Two different time 
constants (T.C.), 0.03 and 0.003 seconds, were used simultaneously. As compared with the normal fellow eyes, 
the affected eyes show reduced amplitudes, particularly in the b-waves and oscillatory potentials, and delayed 


implicit times. 


msec (O2), and 40.6 + 2.4 msec (O3), whereas 
times in the fellow eyes were 22.2 + 1.6 msec 
(a-wave), 42.9 + 2.1 msec (b-wave), 25.8 + 1.3 
msec (O1), 32.4 + 1.5 msec (O2), and 38.5 + 2.1 
msec (O3). These differences are statistically 
significant: P < .05 (a-wave), P < .001 (b-wave), 
and P < .05 (O1). The comparison with 54 
age-matched normal subjects also indicated the 
significant delay of implicit time in the affected 
eyes. The mean (+ S.D.) implicit times in the 
normal subjects were 22.4 + 1.9 msec (a-wave), 
42.2 + 3.2 msec (b-wave), 26.0 + 1.8 msec (O1), 
33.1 + 1.7 msec (O2), and 38.5 + 2.4 msec (O3). 
The differences between the affected eyes and 
age-matched normal eyes are statistically sig- 
nificant: P < .05 (a-wave), P < .001 (b-wave), 
and P < .05 (Ol). 


The recordings repeated two to five months 
after the macular detachment resolved in 18 
patients showed remarkable recovery of the a- 
and b-waves. However, the oscillatory poten- 
tials showed delayed recovery. The local macu- 
lar electroretinographic responses of five repre- 
sentative patients in the convalescent stage are 
shown in Figure 2. In all 18 patients, the mean 
(+ S.D.) amplitudes, expressed as percentages 
of amplitudes in fellow eyes, were 100.9% + 
34.4% (a-wave), 90.8% + 16.3% (b-wave), and 
52.3% + 22.0% (oscillatory potentials). Only 
the oscillatory potentials showed significantly 
small recovery (P < .01) as compared with 
a-wave and b-wave. The implicit times for the 
affected eyes shortened. The mean (+ S.D.) of 
the implicit times in the affected eyes were 22.7 
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Fig. 2 (Miyake and associates). Local macular electroretinograms in five patients in the convalescent stage of 
idiopathic central serous chorioretinopathy. The case numbers correspond to those used in Figure 1. A- and 
b-waves in the affected eyes show nearly the same amplitudes as those in the normal fellow eyes. The 
amplitudes of the oscillatory potentials, however, are smaller than those in normal fellow eyes. 


+ 1.2 msec (a-wave), 45.5 + 1.9 msec (b-wave), 
26.6 + 1.2 msec (O1), 33.0 + 1.4 msec (O2), and 
39.8 + 1.6 msec (O3), whereas those in the 
fellow eyes were 22.0 + 0.7 msec (a-wave), 45.1 
+ 2.9 msec(b-wave), 26.6 + 1.2 msec (O1), 33.0 
+ 1.4 msec (O2), and 38.9 + 2.1 msec (O3). The 
differences in implicit times between the affect- 
ed eyes and normal fellow eyes are not statisti- 
cally significant. 








Discussion 








The pathogenesis of idiopathic central serous 
chorioretinopathy is uncertain. ®™!! Ophthalmo- 


scopic findings showing an accumulation of 
serous fluid in the subretinal space suggest a 
functional disturbance of the photoreceptors in 
the macula.!'! Since the retinal origin of the 
a-wave is in the photoreceptors,” our present 
finding of a reduced a-wave amplitude sup- 
ports the presence of dysfunctional photore- 
ceptors in this disease. Surprisingly, the 
b-wave and oscillatory potentials had deterio- 
rated more severely than the a-wave. Although 
the b-wave and oscillatory potentials have sep- 
arate origins, both originate in a more proximal 
layer than the a-wave.” Therefore, in central 
serous chorioretinopathy, when macular de- 
tachment is present, the functional disturbance 
occurs not only in the photoreceptors but also, 
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and probably more severely, in the middle and 
inner retinal layers. 

This result seems somewhat inconsistent 
with receptor disorientation? or a disturbance 
in the rate of photopigment regeneration! that 
have been assumed to be pathogenic properties 
of this disease. Since the disorientation of the 
receptors results in a decrease in quantal catch 
by the cones,’ an equivalent condition in nor- 
mal eyes can be made by decreasing the stimu- 
lus intensity with constant background illumi- 
nation. The rate of photopigment regeneration 
can also be changed by using a higher level of 
background illumination with constant stimu- 
lus intensity. We performed such experiments 
in a normal eye to study the local electroretino- 
graphic changes. We found that a-waves, b- 
waves, and oscillatory potentials decreased 
nearly equivalently in amplitude when the 
stimulus intensity was decreased or when the 
intensity of background illumination was in- 
creased. These results strongly suggest that the 
abnormal pattern of local macular electroreti- 
nographic responses in central serous chorio- 
retinopathy simply cannot be explained by the 
assumption of receptor disorientation or a dis- 
turbance of photopigment regeneration. 

Two to five months after the macular detach- 
ment resolved and visual acuity recovered, a- 
and b-waves had recovered almost to normal 
control levels. Nagata and Honda,’ however, 
found that the b-waves recovered to near nor- 
mal levels in only two of 13 patients in whom 
local macular electroretinograms had been re- 
corded two to seven weeks after photocoagula- 
tion. This difference from our results may re- 
flect the criteria used for patient selection and 
length of time after disappearance of the macu- 
lar detachment. 

Even when the a- and b-waves recovered to 
near normal levels, oscillatory potentials in the 
affected eyes remained smaller than those in 
normal fellow eyes (Fig. 2), indicating some 
subclinical abnormality in the middle and inner 
retinal layers where the oscillatory potentials 
are generated. Many of these patients had few 
subjective symptoms in the affected eyes, de- 
spite the reduced macular oscillatory poten- 
tials. The exact site for generation of oscillatory 
potentials is unknown, but experimental evi- 
dence indicates that they reflect activity of 
inhibitory feedback synaptic circuits within the 
retina." The correlation between psycho- 
physical visual function and oscillatory poten- 
tials also remains obscure. However, now that 
we have successfully recorded human macular 
oscillatory potentials’ and found them to be 


selectively reduced in the convalescent stage of 
central serous chorioretinopathy, the direct 
comparison of these potentials with results of 
various psychophysical tests may provide an 
answer as to the nature of the psychophysical 
visual function associated with oscillatory po- 
tentials. 





References 





1. Van Meel, G. J., Smith, V. C., Pokorny, J., and 
van Norren, D.: Foveal densitometry in central ser- 
ous choroidopathy. Am. J. Ophthalmol. 98:359, 
1984. 

2. Smith, V. C., Pokorny, J., and Diddie, K. R.: 
Color matching and Steiles-Crawford effect in central 
serous choroidopathy. Mod. Probl. Ophthalmol. 
19:284, 1978. 

3. Nakamura, Z.: Studies on the clinical applica- 
tion of the human visual evoked potentials. 2. Macu- 
lar function and VEP. Acta Soc. Ophthalmol. Jpn. 
79:1192, 1975. 

4. Magder, H.: Test for central serous retinopathy. 
Based on clinical observations and trial. Am. J. Oph- 
thalmol. 49:147, 1960. 

5. Nagata, M., and Honda, Y.: Macular ERG in 
central serous retinopathy. Jpn. J. Ophthalmol. 15:9, 
1971. 

6. Tamura, O., and Mikawa, T.: A study of a focal 
electroretinogram in central serous retinopathy. 
Acta Soc. Ophthalmol. Jpn. 75:1902, 1971. 

7. Miyake, Y., Shiroyama, N., Ota, I., and 
Horiguchi, M.: Oscillatory potentials in electroretin- 
ograms of the human macular region. Invest. Oph- 
thalmol. Vis. Sci. In press. 

8. Miyake, Y., Yanagida, K., Kondo, S., and 
Yagasaki, K.: Simultaneous recording of local ERG 
and VER under direct fundus observation with infra- 
red television fundus camera. Acta Soc. Ophthalmol. 
Jpn. 85:1521, 1981. 

9. Miyake, Y., and Awaya, S.: Stimulus depriva- 
tion amblyopia. Simultaneous recording of local mac- 
ular electroretinogram and visual evoked response. 
Arch. Ophthalmol. 102:998, 1984. 

10. Ikui, H.: Historical examination of central ser- 
ous retinopathy. Folia Ophthalmol. Jpn. 20:1035, 
1969. 

11. Gass, J. D. M.: Stereoscopic Atlas of Macular 
Diseases, ed. 3. St. Louis, C. V. Mosby, 1987, p. 56. 

12. Brown, K. T.: The electroretinogram. Its com- 
ponents and their origins. Vision Res. 8:633, 1968. 

13. Wachtmeister, L., and Dowling, J. E.: The os- 
cillatory potentials of the mudpuppy retina. Invest. 
Ophthalmol. Vis. Sci. 17:1176, 1978. 

14. Yonemura, D., and Kawasaki, K.: New ap- 
proaches to ophthalmic electrodiagnosis by retinal 
oscillatory potential, drug-induced response from 
retinal pigment epithelium and cone potential. Doc. 
Ophthalmol. 48:163, 1979. 





Autosomal Recessive Pericentral Pigmentary Retinopathy 





Elias I. Traboulsi, M.D., John F. O’Neill, M.D., and Irene H. Maumenee, M.D. 


A brother and sister, born to consanguine- 
ous parents, had pigmentary retinopathy ina 
pericentral distribution. The retinopathy was 
noted in infancy when the siblings were exam- 
ined for strabismus. The optic disks, maculae, 
and retinal vessels were normal. There was 
mild reduction in amplitude of both scotopic 
and photopic electroretinographic responses. 
Both patients had moderate hyperopic astig- 
matism and esotropia. The fundus and visual 
acuity remained unchanged over periods of 
nine and 13 years in the brother and sister, 
respectively. Results of ocular examinations 
on the father, mother, and an older sister were 
normal. These findings support an autosomal 
recessive mode of inheritance in this family 
with pericentral pigmentary retinopathy. 


INVERSE RETINITIS PIGMENTOSA is a rare varie- 
ty of pigmentary retinopathy that remains lo- 
calized to the posterior pole of the eye. Central 
and pericentral forms have been described de- 
pending on macular involvement. Frances- 
chetti, Francois, and Babel! reviewed the lit- 
erature on conditions similarly labeled and 
described 12 patients with pigmentary retinop- 
athy in a central or pericentral distribution. The 
heterogeneity of findings in their patients and 
in others previously described (some of whom 
may have had specific diseases such as Best’s 
disease, Stargardt’s disease, or classic retinitis 
pigmentosa) is evident. A subgroup exists, 
however, with sufficiently distinctive features 
to be labeled pericentral pigmentary retinopa- 
thy. 





Accepted for publication Aug. 5, 1988. 

From the Center for Sight, Georgetown University 
Medical Center, Washington, DC (Drs. Traboulsi and 
O'Neill) and the Wilmer Ophthalmologic Institute, the 
Johns Hopkins Hospital, Baltimore, Maryland (Drs. 
Traboulsi and Maumenee). This study was supported by 
a grant from Research to Prevent Blindness, Inc. 

Reprint requests to Elias I. Traboulsi, M.D., the Cen- 
ter for Sight, 3800 Reservoir Rd. N.W., Washington, DC 
20007. 





Case Reports 








Case 1 

This 13-year-old girl is the second-born to 
consanguineous (third cousins) parents. She 
was the product of a full-term pregnancy and 
normal vaginal delivery. Results of a general 
physical examination were normal. Her first 
ophthalmologic examination was at age 7 
months when she was noted to have intermit- 
tent crossing of her eyes. There was a fine 
rotary nystagmus with a fixation preference for 
the right eye, and a variable esotropia measur- 
ing 30 to 50 prism diopters. The anterior seg- 
ment and pupillary responses were normal; 
cycloplegic retinoscopy showed errors of re- 
fraction of +4.50 +2.00 x 90 in both eyes. 
Indirect ophthalmoscopy demonstrated similar 
findings in both eyes (Fig. 1): large crescentic 
areas of chorioretinal atrophy, pigment migra- 
tion, bone spicule formation, and scattered 
white deep or subretinal spots extending supe- 
rior and inferior to the macula. The optic disks 
and retinal vessels were normal. There was no 
evidence of neonatal or intrauterine infection. 

She has been followed up at six-month inter- 
vals. The retinal appearance has remained un- 
changed. At the most recent examination she 
had a refractive error of —1.25 +2.75 x 80 in the 
right eye and —1.50 +2.25 x 95 in the left eye. 
Visual acuity was R.E.: 20/30 and L.E.: 20/100. 
At age 3 years she underwent bimedial rectus 
muscle recessions for esotropia and later devel- 
oped a consecutive left exotropia of 20 prism 
diopters that has not been corrected surgically. 
Her general physical and intellectual develop- 
ment has been normal. She complains of diffi- 
culties with night vision. An electroretinogram 
done at age 6 years showed normal cone re- 
sponses and slightly decreased rod reponses. 
This study was repeated at age 8 years in 
another laboratory and slightly subnormal 
photopic and scotopic responses were ob- 
tained. At age 12 years the amplitudes of the 
scotopic responses using a white single flash 
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Fig. 1 (Traboulsi, O’Neill, and Maumenee). Fundus photographs of right (left) and left (right) eyes of Patient 1 
taken at age 13 years. Note arcuate areas of retinal pigment epithelial atrophy along vascular arcades with 
pigment migration and bony spicule formation. Underlying choroidal vessels are normal. Macular and 
peripapillary areas are spared. Optic nerve head and retinal vessels are normal (horseshoe-shaped gray reflex in 
maculae is artifactitious). Note sharp transition between normal and abnormal fundus temporally in left eye. 


measured R.E.: 313 pV and L.E.: 295 pV (nor- 
mal, =300 pV), with a prolonged latency of 46 
to 50 msec (Fig. 2). The flicker responses were 
decreased to R.E.: 25 pV and L.E.: 21 pV (nor- 
mal, =100 pV). The three studies were made in 
three different laboratories and could not be 
compared quantitatively. Results of electro- 
oculography at age 12 years were normal, with 
light-peak/dark-trough ratios of R.E.: 2.00 and 
L.E.: 1.70. Results of color vision testing with 
the Farnsworth-Munsell 100-Hue test were nor- 
mal at ages 8 and 12 years. Dark-adaptation 
thresholds were increased 0.7 log unit in the 
right eye and 0.8 log unit in the left eye. 
Because of the large areas of chorioretinal atro- 
phy, a diagnosis of gyrate atrophy was consid- 
ered when the child was 8 years old; however, 
plasma levels of ornithine were normal. 


Case 2 

This 9-year-old younger brother of Patient 1 
was first examined at age 17 months. He was 
born after an uneventful pregnancy and normal 
vaginal delivery. Results of his physical exami- 
nation as well as mental and physical develop- 
ment have all been normal. Initial ophthalmo- 
logic examination demonstrated normal 
anterior segments and cycloplegic retinoscopy 
of R.E.: +3.50 +0.50 x 80 and L.E.: +5.50 +0.50 
x 90. The retinal pigmentary changes were 
similar in distribution to those seen in his 
sister; however, the depigmented and hyper- 
pigmented areas were not confluent and there 
were fewer bony spicular changes (Fig. 3). On 


numerous follow-up visits the retinal findings 
remained unchanged. The right eye was 
patched at age 4 years because of amblyopia in 
the left eye. Visual acuity was R.E.: 20/30 and 
L.E.: 20/100, which improved to L.E.: 20/60 
after patching. Plasma ornithine levels were 


AMPLITUDE 
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Fig. 2 (Traboulsi, O’Neill, and Maumenee). Sco- 
topic electroretinogram of right (R) and left (L) eyes 
of Patient 1 at age 12 years. Latency is 46 to 50 msec 
in each eye. Amplitudes are 313 (A-B) and 295 
(C-D) pV in left and right eyes, respectively. div, 
division. 
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Fig. 3 (Traboulsi, O'Neill, and Maumenee). Fundus photographs of right (left) and left (right) eyes of Patient 2 
taken at age 9 years. Note pericentral distribution of areas of retinal pigment epithelial atrophy and pigment 
migration. Optic nerve heads, maculae, and periphery are normal. Retinal vessels are of normal caliber. 


normal. Because of the similarity of the retinal 
findings in both patients electrophysiologic 
studies were not performed. He also complains 
of difficulties with night vision. 


Other Family Members 

Both parents and a 15-year-old sister under- 
went detailed ophthalmologic examinations 
and color vision testing. All results were nor- 
mal. All three denied difficulties with night 
vision. The parents are third cousins, with a 
consanguinity factor F of one in 64. A maternal 
uncle died at age 12 years; he was born prema- 
turely and was blind from an unknown cause. 





Discussion 





Pericentral pigmentary retinopathy is a rare 
disease of the ocular fundus characterized by 
areas of chorioretinal degeneration with pig- 
ment migration and ring-shaped bony spicule 
formation around the macula, leaving central 
vision unimpaired. The retinal periphery, optic 
nerve head, and retinal vessels appear normal. 
Central pigmentary retinopathy, however, is a 
heterogeneous group of retinopathies that 
share predominant macular involvement with 
atrophy, and pigmentary disturbances or bony 
spicule formation in that area. Diseases that 
have been labeled as central pigmentary reti- 
nopathy or inverse retinitis pigmentosa include 
cone-rod dystrophy, Stargardt’s disease, and 
Best’s disease. Similarly, the retinopathy of the 
neuronal ceroid lipofuscinosis and olivoponto- 


cerebellar ataxia may be predominantly central. 
A distinct central pigmentary retinopathy may 
exist, but there has not been adequate evidence 
for the presence of this type of dystrophy in the 
literature or in our case material. 

We found 18 well-documented cases of 
pericentral pigmented retinopathy in the litera- 
ture (Table).'* A recessive mode of inheritance 
was postulated, but never substantiated, in any 
of these reports. In Franceschetti, Francois, 
and Babel’s monograph,’ the familial cases 
were of the central variety. Grondahl” recently 
described four families from northern Norway 
in which he diagnosed autosomal dominant 
pericentral retinal dystrophy. Three of these 
families had a pigmentary retinal degeneration 
with night blindness starting in the teens and 
leading to blindness in the sixth and seventh 
decades of life, after the development of bony 
spicules, attenuation of retinal blood vessels, 
and optic atrophy. 

Night blindness is a constant feature of peri- 
central retinopathy and indicates a probable 
diffuse rod dysfunction; however, mild in- 
crease in rod threshold on dark adaptation as 
seen in our Case 1 may be the result of loss of 
rods in the extensive areas of chorioretinal 
atrophy. Central vision is preserved because of 
macular sparing and photopic electroretino- 
graphic responses are frequently normal or 
only mildly decreased, as in our Patient 1. In 
the patient described by Gass,’ visual acuity 
remained 20/20 in one eye and retinal findings 
were unchanged after eight years of follow-up. 
Our two patients have also had stable retinal 
findings and visual acuity over nine and 13 
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TABLE 
SUMMARY OF OPHTHALMOLOGIC FINDINGS IN PATIENTS WITH PERICENTRAL PIGMENTARY RETINOPATHY” 
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LENGTH 
PATIENT NO., SHAPE OF 
AUTHORS AGE (YRS), VISUAL NIGHT ELECTRO- ELECTRO- DARK OF FOLLOW-UP 
(YEAR) SEX ACUITY BLINDNESS RETINOGRAM OCULOGRAM ADAPTATION SCOTOMA (YRS) 
Wittmer (1911)? 1, 45, M R.E.: 20/20 NA NA NA NA Ring — 
L.E.: 20/20 
Lafon (1913)° 1, 30, F R.E.: 20/20 Yes NA NA NA Ring — 
L.E.: 20/20 
Pillat (1930) 2, 52, M R.E.: 20/100 Yes NA NA NA Ring — 
L.E.: 20/20 
Schocket TIAF R.E.: 20/25 No A A A Ring — 
and Ballin L.E.: 20/40 
(1970)§ 2, 56, M R.E.: 20/20 Yes N N A Ring — 
L.E.: 20/25 
Franceschetti, 13,54,M R.E.: 20/20 NA A NA A Ring — 
François, and L.E.: Lost to 
Babel (1974)' trauma 
14, 33,F R.E.: 20/70 Yes N NA N Ring — 
L.E.: 20/20 
Noble and 1,45, M R.E.: 20/25 Yes A N NA Ring 1 
Carr (1978)8 L.E.: 20/25 
2, 50, M R.E.: 20/20 Yes A NA NA NA 1 
L.E.: 20/25 
3,31,M R.E.: 20/20 Yes N NA NA Arcuate in — 
L.E.: 20/20 right eye and 
ring in left eye 
4, 39, F R.E.: 20/20 No A NA NA NA 6 
L.E.: 20/20 
Sabates and 1:59. F R.E.: 20/15 Yes N NA A Ring — 
Kolder (1982) L.E.: 20/20 
Hayasaka 1, 26, F R.E.: 20/20 No At A A Ring 4 
and associates L.E.: 20/20 
(1985)8 2, 36, F R.E.: 20/15 Yes A't A A Ring 2 
L.E.: 20/15 
3, 39, M R.E.: 20/20 No A’ A A Ring 3 
L.E.: 20/20 
4, 48, F R.E.: 20/20 No At A A Ring 5 
L.E.: 20/20 
5, 65, F R.E.: 20/25 No At A A Paracentral 3 
L.E.: 20/40 
Gass (1987) 1, 63, M R.E.: 20/20 Yes A NA NA NA 8 
L.E.: 20/200 
Present study 1, 12, F R.E.: 20/30 Yes A N A Ring 12 
L.E.: 20/100 
2,8,M R.E.: 20/30 Yes NA NA NA NA 8 
L.E.: 20/60 


CC ere eee 


*A, abnormal; N, normal; NA, not available. 
'Scotopic response was abnormal, photopic response was normal. 


years. Asymmetric visual acuity in our patients occlusion therapy. Goldmann perimetry usual- 
was caused by amblyopia, as evidenced in Pa- ly demonstrates a ring scotoma or generalized 
tient 2 by improvement in visual acuity after constriction, as in Patient 1. 
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The mode of inheritance of pericentral pig- 
mentary retinopathy in the present pedigree 
appears to be autosomal recessive, with two 
affected children born to unaffected consan- 
guineous parents. One of the patients de- 
scribed by Franceschetti, François, and Babel! 
was born to unaffected parents and had a sib- 
ling with “typical” pigmentary retinopathy; 
however, no description of the findings in the 
sibling were given. Another one of their pa- 
tients had a sibling with “central” pigmentary 
retinopathy. Siblings in each of the two families 
presumably had the same abnormal gene. The 
different ophthalmoscopic findings indicate 
variable expressivity of that gene. 

Although periarteriolar distribution of well- 
demarcated yellow lesions has been described 
in Leber’s congenital amaurosis,'"” this diag- 
nosis is unlikely in the present patients because 
of the good visual acuity, normal pupillary 
responses, and only slightly decreased photop- 
ic and scotopic electroretinographic responses. 
Hyperornithinemia with gyrate atrophy of the 
choroid and retina was ruled out because of 
the presumed onset of the retinopathy at birth, 
the stability in size of the depigmented geo- 
graphic areas, and the normal serum ornithine 
levels. Additionally, the lesions of gyrate atro- 
phy are typically located in the retinal periph- 
ery and occasionally involve the peripapillary 
area. 

Pigmented paravenous chorioretinal atrophy 
is another retinal disease with geographic areas 
of chorioretinal atrophy along retinal veins, 
and is the main entity to differentiate from 
pericentral pigmentary retinopathy." It is usu- 
ally a stable condition, and patients have good 
visual acuity unless the macula is involved. 
There is no night blindness and most cases are 
sporadic, although familial cases have been 
reported in a father and son by Skalka” and ina 
mother and three sons by Traboulsi and 
Maumenee." This supports an autosomal dom- 
inant or X-linked recessive mode of inheri- 
tance, as opposed to the autosomal recessive 
mode of inheritance in the present family with 
pericentral retinopathy. The retinal findings in 
pigmented paravenous chorioretinal atrophy 
may be similar to those in pericentral pigmen- 
tary retinopathy, and in both diseases they are 
nonprogressive and presumably present since 
birth. Results of electrophysiologic studies may 
be normal or variably decreased in both condi- 
tions; however, there is evidence that some 
degree of rod dysfunction is present in peri- 
central pigmentary retinopathy. The absence of 
night blindness in most patients with pigment- 


ed paravenous chorioretinal atrophy is the 
main clinical differentiating point. Other condi- 
tions that may give a similar retinal picture 
include angioid streaks and __helicoid- 
serpiginous-geographic dystrophy. Finally, a 
postinflammatory cause of pigmentary condi- 
tions of the fundus should be ruled out when 
a pigmentary retinopathy is discovered in 
infancy. 

Although a dominant form of pericentral pig- 
mented retinopathy may exist,” we believe that 
our two patients have a distinct autosomal 
recessive form of the disease. The stability of 
the retinal findings and visual acuity since birth 
and for 13 years in one patient indicate a favor- 
able outlook for long-term preservation of visu- 
al acuity. 
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OPHTHALMIC MINIATURE 

It had laid its head to one side and was glaring at Jonathan with its left 
eye. This eye, a small, circular disc, brown with a black center, was 
dreadful to behold. It was like a button sewn onto the feathers of the head, 
lashless, browless, quite naked, turned quite shamelessly to the world and 
monstrously open; at the same time, however, there was something 
guarded and devious in that eye; and yet likewise it seemed to be neither 
open nor guarded, but rather quite simply lifeless, like the lens of a camera 
that swallows all external light and allows nothing to shine back out of its 
interior. No luster, no shimmer lay in that eye, not a spark of anything 

alive. It was an eye without sight. And it glared at Jonathan. 
Patrick Süskind, The Pigeon 
New York, Alfred A. Knopf, Inc., 1988, pp. 14-15 





Progressive Peripheral Cone Dysfunction 





Kenneth G. Noble, M.D., Irwin M. Siegel, Ph.D., and Ronald E. Carr, M.D. 


A 22-year-old man had a three-year history 
of progressive day blindness, most notably 
peripherally, and denied difficulty with cen- 
tral vision or color vision. Visual function 
studies demonstrated a diffuse dysfunction of 
the photopic system and normal scotopic func- 
tion. The central cone function, however, was 
essentially normal. Visual acuity was 20/20 in 
each eye, results on AO-HRR and Ishihara 
color plate testing were normal, color naming 
visual fields demonstrated color discrimina- 
tion in the central 10 degrees, and foveal adap- 
tation was normal. 


GENERALIZED DYSFUNCTION of the cone sys- 
tem usually results in symptoms related to poor 
central and color vision.’ Although a recent 
report of a pedigree with dominantly inherited 
progressive cone dystrophy suggested that the 
peripheral cones may be affected earlier than 
the central cones,” these patients are asympto- 
matic until the central cones are affected. We 
examined a man with progressive symptoms of 
day blindness associated with normal visual 
acuity, normal color vision, and evidence of a 
diffuse dysfunction of the cone system. 





Case Report 





This 22-year-old man had a three-year histo- 
ry of progressively decreasing vision in the 
daytime. His peripheral vision was most nota- 
bly affected. The patient noted that he was 
bumping into objects during the day, had had 
several car accidents during the daytime, and 
could not pick up objects moving toward him as 
he was playing sports. These symptoms disap- 
peared at dusk and his night vision was unaf- 
fected. He denied any difficulty with central or 
color vision. There was no family history of any 
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ocular disorder nor of drug ingestion. Family 
members were not available for examination. 

Best-corrected visual acuity was 20/20 in each 
eye. Results of external examination, slit-lamp 
examination of the anterior segment, and mo- 
tility examination were all normal. Ophthal- 
moscopy showed a slightly diffuse foveal re- 
flex. 

Visual fields performed on the Goldmann 
perimeter using the 4-mm square white test 
object at full illumination were slightly con- 
stricted in the periphery. Results of tangent 
screen testing with a 2/1,000 white test object 
were normal. Full dark adaptometry performed 
in the right eye at 15 degrees temporal retina 
was monophasic, with a slow fall to a normal 
final rod threshold. Dark adaptation performed 
at the fovea showed a normal cone recovery 
time and final threshold (Fig. 1). Results of 
retinal profiles after 30 minutes of dark adapta- 
tion performed temporally from 3 to 30 degrees 
in the right eye were normal. Results of color 
vision testing with the AO-HRR and Ishihara 
plates were normal. Color naming visual fields 
were performed with a 20-mm blue, red, and 
green test object in each eye and showed pe- 
ripheral constriction to all colors to 10 to 15 
degrees (Fig. 2). An electroretinogram showed 
an absent photopic single flash and flicker re- 
sponse with normal scotopic responses (Fig. 3). 





Discussion 





Goodman, Ripps, and Siegel’ proposed the 
term progressive cone degeneration to describe 
patients with progressive visual loss and color 
vision impairment associated with psycho- 
physical and electrophysiologic evidence of 
diffuse dysfunction of the photopic system and 
little or no impairment of the scotopic system. 
The later onset, progression of symptoms, and 
absence of nystagmus serve to distinguish this 
group of patients from those with congenital 
achromatopsia. The mode of transmission of 
this disorder is often autosomal dominant,”* 
although sporadic cases have been described. 

It is important to recall that while the foveola 
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Fig. 1 (Noble, Siegel, and Carr). Dark adaptation was performed after exposure to a preadaptation field of 
1,355 millilamberts for seven minutes. Peripheral dark adaptation (filled circles) was performed at 15 degrees 
temporal retina with a 3-degree test stimulus. Foveal dark adaptation (open circles) was performed by having 
the patient fixate between a pair of dim red fixation lights which surrounded a 54-minutes of arc test stimulus. 
Normal dark adaptation at 15 degrees temporal retina is indicated by the dashed lines. 


has the highest concentration of cones (150,000 
cones/mm°) it comprises less than 0.2% of the 
total cone population; even the cones in the 
central 5 degrees of the retina (20,000 to 30,000 
cones/mm’) comprise only a few percent of the 
total number. Consequently, patients with a 
macular disease only will have normal results 
on full-field cone-mediated electroretinog- 
raphy. Conversely, as in the present patient, if 
the central cones are functioning while the 
peripheral cones (which comprise the over- 
whelming number of cones) are not, the cone 
electroretinographic response will be markedly 
abnormal or absent. 

In this patient, the history of recent day 
blindness suggests a progressive cone degener- 
ation. The findings of an absent cone segment 
in the dark adaptation curve and absent pho- 
topic and flicker follow response in the electro- 
retinogram confirm this as a generalized dys- 
function of the cones. The integrity of the rod 
system is indicated by normal final retinal 
thresholds and normal scotopic electroretino- 
graphic responses. 


However, this patient demonstrated some 
unusual aspects that differ from previously 
reported cases of cone degeneration. The pa- 
tient’s subjective complaints, while indicative 
of abnormal cone function, did not include 
complaints of central visual loss or impairment 
of color vision, symptoms that are commonly 
associated with this disease. A visual acuity of 
20/20, normal foveal adaptation, and normal 
central color vision in each eye substantiate the 
presence of normally functioning central 
cones. Color naming visual field testing indi- 
cated that color perception was present central- 
ly, with the abnormal area beyond the central 
10 to 15 degrees in each eye. 

In the large study by Goodman, Ripps, and 
Siegel,’ one patient (Patient 59) complained of 
poor vision and absent color vision in the right 
eye but had no symptoms in the left eye. Visual 
acuity was 20/200 with complete achromatopsia 
in the right eye and 20/20 with a central 10- 
degree island of cone function remaining as 
tested by color naming visual fields in the left 
eye. This patient underwent an extensive diag- 
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Fig. 2 (Noble, Siegel, and Carr). Color naming fields. The colored test object was slowly advanced from the 
periphery along various meridians. The endpoint is reached when the individual can see the test object and 
correctly identify the color. Normal responses are indicated by the open symbols. 
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Fig. 3 (Noble, Siegel, and Carr). On electroretinography, the photopic flicker (cone-mediated) response is 
absent, whereas the scotopic-mediated responses are at the lower limits of the normal range. Normal values: S; 
blue = 400 pV (+1 S.D., 130 pV); Siswhite = 550 pV (+1 S.D., 110 aV). The calibrations are 40 msec (horizontal 
axis) and 200 pV (vertical axis). 
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nostic examination, the results of which were 
reported in a subsequent publication.’ On 
follow-up examination, this patient developed 
impairment in central and color vision similar 
to that found previously in his right eye (per- 
sonal observation). 

Siegel and Smith? described a 33-year-old 
woman who, a few weeks after treatment with 
multiple antibiotics (nitrofurantoin, chlortetra- 
cycline, chloramphenicol, and furaltadone), 
developed the visual symptoms of photopho- 
bia (‘dazzle effect” in moderately bright illumi- 
nations), a slight loss of visual acuity, and an 
inability to discriminate colors of “light tone.” 
Although she demonstrated color perception in 
the central 5 degrees of visual field, visual 
acuity was diminished to 20/40 in both eyes and 
color vision disturbances were noted on test- 
ing. Once therapy was discontinued there was 
no evidence of progression of the disease. 

Pearlman and associates’ described a large 
pedigree with a cone dystrophy in which the 
inheritance pattern was autosomal dominant. 
Three young members were asymptomatic and 
had a visual acuity of 20/20 in each eye, but 
they all demonstrated a red-green dyschroma- 
topsia on AO-HRR color plate testing. In one of 
these patients, the red-green deficiency devel- 
oped over a four-year period. 

Pinckers and Deutman’ examined 20 patients 
with evidence of cone dysfunction on electro- 
retinography and normal color vision. They 
termed their dysfunction “peripheral cone dis- 
ease.” This was a functional diagnosis and 
findings in this heterogenous group included 
myopia, nystagmus, ‘’pericentral’’ pigmentary 
degeneration, X-linked juvenile retinoschisis, 
and coloboma. Only one of their patients, who 
had an associated diagnosis of Tooth-Marie- 
Charcot-Hoffmann disease, had normal visual 
acuity. 

In a report of a pedigree with dominantly 
inherited progressive cone dystrophy,’ two 
asymptomatic members, aged 10 and 15 years, 
had a central visual acuity of 20/30 and 20/40, 
respectively, with normal-appearing fundi. 
However, color vision abnormalities were al- 
ready present. While the central cones in these 
patients were less affected than the peripheral 
cones, the slightly subnormal central vision 
and abnormal color vision indicates some cen- 
tral involvement. 


The patient described herein provides strong 
evidence for the proposition that in progressive 
cone dysfunction diseases, the peripheral 
cones are affected first. Our patient’s subjective 
complaints were quite specific for diminished 
peripheral vision noticed only in daylight 
hours and returning to normal at dusk. In all 
previously reported cases of early disease the 
patients were either asymptomatic or had 
symptoms related to central visual dysfunc- 
tion. 

The visual function tests confirmed the dif- 
fuse generalized dysfunction of the cones with 
preservation of the central cone population. 
The normal visual acuity, central color vision, 
and foveal dark adaptation indicated normal 
central cone function. Psychophysical and elec- 
trophysiologic testing demonstrated a diffuse 
dysfunction of the photopic system with pre- 
servation of the scotopic function. 
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Visual Acuities and Dark-Adapted Thresholds of Children 
With Bardet-Biedl Syndrome 


pe ne: 


Monique J. Leys, M.D., Laurie A. Schreiner, B.S., Ronald M. Hansen, Ph.D., 
D. Luisa Mayer, Ph.D., and Anne B. Fulton, M.D. 


We studied the visual acuities and dark- 
adapted sensitivities of 12 children with 
Bardet-Biedl syndrome. All except one child, 
who was seen only once, were tested serially. 
In the first decade of life, all visual acuities 
were within 2 octaves of normal. All but two 
final visual acuities obtained from patients in 
their second and third decades were more than 
2 octaves poorer than normal. Dark-adapted 
sensitivities of all patients were, or became, 
significantly less than normal even in those 
patients whose period of follow-up was limit- 
ed to the first decade of life. Of the 11 patients 
measured serially, seven showed decreases in 
dark-adapted sensitivities of at least 0.5 log 
unit during the follow-up period, and the last 
measured sensitivities of all patients were at 
least 2 log units less than the normal mean. 


RETINAL DEGENERATIVE disorders are known 
to cause progressive decreases of visual acuity 
and retinal sensitivity. However, little is known 
about the course of visual acuity and retinal 
sensitivity of patients with retinal degeneration 
during the first and second decades of life. 

The retinal degeneration of patients with 
Bardet-Bied! syndrome is often identified in 
early childhood, possibly because the extraocu- 
lar features of the syndrome (polydactyly, 
obesity, and delays in cognitive develop- 
ment)!” lead to early evaluation. To learn more 
about the effects of the Bardet-Biedl syndrome 
on visual function during childhood, we stud- 
ied the visual acuities and dark-adapted sensi- 
tivities of 12 affected patients. 
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Patients and Methods 





Between January 1974 and January 1986, 12 
children with Bardet-Biedl syndrome were first 
examined in the Eye Department at our institu- 
tion. Electroretinographic confirmation of reti- 
nal degeneration had been made in all cases. 
All patients had polydactyly and truncal obesi- 
ty, thus fulfilling previously described criteria 
for diagnosis of Bardet-Bied! syndrome."” Pa- 
tients with phenotypically similar syndromes 
were excluded. The patients described by Lau- 
rence and Moon? did not have polydactyly. 
None of our 12 patients had colobomas, as do 
those with Biemond syndrome,’ or deafness 
and diabetes, as do those with Alstrém’s syn- 
drome. Seven patients had scotopic b-wave 
responses less than 5% of the normal mean’, 
the other five patients had responses 5% to 32% 
of the normal mean. 

The median age at the first visit was 5 years 3 
months (range, 6 months to 11 years 8 months). 
All patients except Patient 1, who was seen 
only once, were examined serially. For those 
seen serially, the median number of visits was 
eight (range, two to 12 visits) and the median 
duration of follow-up (Fig. 1) was six years five 
months (range, two years three months to 14 
years). 

In the case of the three sibling pairs (Patients 
2 and 3, 5 and 6, and 8 and 9), the presence of 
polydactyly led to early identification of the 
syndrome in the younger siblings. Body 
habitus was not a useful clinical identifier of 
the syndrome during infancy’ because weights 
were about equally distributed above and 
below the normal mean during the first two 
postnatal years. At older ages, all patients had 
weights at, or greater than, the 90th percentile. 

Eight of the 12 patients had a variety of 
medical problems (Table 1). Genitourinary tract 
anomalies and secondary systemic hyperten- 
sion have been reported to occur frequently in 
patients with Bardet-Biedl syndrome.'** How- 
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ever, genitourinary tract anomalies were iden- 
tified only in Patients 3, 4, and 12 (Table 1). 
None of our patients had blood pressures 
above 135 mm Hg systolic or 85 mm Hg diastol- 
ic; the median age at last measurement was 11 
years 5 months (range, 7 years 1 month to 25 
years 8 months). Patient 6 had cystitis at age 5 
years, but no genitourinary tract anomalies 
were found. 

The results of external examination suggest- 
ed poor vision in some patients. Half of the 


patients (Patients 1, 2, 3, 7, 10, and 11) had 
nystagmus on their first visit at ages 6 months 
to 11 years 1 month. Patient 8 had no nystag- 
mus on her initial visit, but it was noted for the 
first time at age 18 years 8 months. No other 
patient developed nystagmus during the 
follow-up period. At the first visit the pupillary 
reactions were brisk in all patients except Pa- 
tient 7, but became sluggish in Patients 8, 9, 11, 
and 12 during follow-up. 

As in other patients with retinal degenera- 


TABLE 1 
CLINICAL CHARACTERISTICS 


esses 


*+, positive; —, negative. 


AGE AT NO. OF SIBLINGS 
PATIENT NO., FIRST VISIT FAMILY WITH BARDET-BIEDL REASON FOR 
SEX (yrs) HISTORY* SYNDROME FIRST VISIT SYSTEMIC DISORDERS 
TF 11 the + 2 Poor vision None 
2,M 12 + 1 (Patient 3) Strabismus, blepharo- Scoliosis 
ptosis, nystagmus 
3,M 52 + 1 (Patient 2) Sibling with syndrome Ureteral stenosis 
4,M %e + 0 Nystagmus Asthma, aortic stenosis, 
polycystic kidneys 
5;.F 4 h2 $ 1 (Patient 6) Sibling with syndrome None 
6, M 4%2 + 1 (Patient 5) Learning disability Asthma, eczema, sleep 
apnea, cystitis 
Ala 11 te = 0 Poor vision Asthma 
8,F 7 %2 + 1 (Patient 9) Poor school performance Pulmonary stenosis 
9,M 11 %2 + 1 (Patient 8) Sibling with syndrome None 
10,M Ma + 0 Nystagmus Bronchial stenosis 
11,M 10 7⁄2 + 0 Cognitive dysfunction None 
12: F 6 %2 = 0 Poor vision Renal cyst, spherocytosis 


Vol. 106, No. 5 


Bardet-Biedl Syndrome 563 


ON a aa 


tions,” myopic astigmatism was found fre- 
quently in these patients. At the initial visit, 11 
patients had cylindrical errors greater than 1.5 
diopters in at least one eye. At the first cyclo- 
plegic refraction, the median spherical equiva- 
lent for the right eye was —0.75 diopter (range, 
—8.5 to +2.0 diopters). The spherical equiva- 
lent for the left eye was similar (median, plano; 
range, —9.13 to +2.0 diopters). During the 
follow-up period, there was little change in the 
spherical equivalent (Fig. 2). The median 
change between the last and first visits was 
—0.373 diopter. 

Changes in fundus appearance between the 
first and last visits suggested progression of 
retinal disease in many patients (Table 2). In 
five children (Patients 2, 5, 6, 10, and 12) the 
appearance of the fundi was normal on their 
first examination at ages 11 months to 6 years 2 
months, but fundus abnormalities were appar- 
ent in all patients at their last visit (ages 7 years 
1 month to 25 years 8 months). Of these five 
patients, only Patient 6 had the diagnosis of 
Bardet-Biedl syndrome made at the time of his 
first visit (age 4 years 4 months). At that time, 
the b-wave amplitudes were 10% of the normal 
mean, suggesting that the electroretinogram is 
a sensitive detector of the Bardet-Bied] retinal 
abnormality. In Patients 2, 5, 10, and 12, elec- 
troretinographic testing was done two to eight 
years after their initial visit. In none of these 
four patients was the diagnosis of Bardet-Bied] 
syndrome made on the first visit; at the time of 
diagnosis, b-wave amplitudes of these four 


patients ranged from 5% to 32% of the normal 
mean.° 

At the initial visit, the youngest patient (Pa- 
tient 3) had abnormal peripheral pigment as the 
sole fundus abnormality. Five children (Pa- 
tients 1, 4, 7, 8, and 9) had abnormal peripheral 
pigment or both central and peripheral pig- 
mentary abnormalities on their first visits at 
ages 2 years 10 months to 11 years 8 months. 
Patient 11 had no abnormal macular or periph- 
eral fundus pigmentation, but was judged to 
have pale disks and attenuated retinal vascula- 
ture at his initial examination; at his last visit 
abnormal retinal pigment was present in the 
macular and equatorial regions. 

Best-corrected visual acuities and dark- 
adapted thresholds were measured serially in 
all children except Patient 1, but not necessarily 
at the child’s initial visit or at every visit. If 
possible, children were tested with standard 
recognition tests. Line-letter optotypes were 
used unless the child’s cognitive abilities did 
not permit this, in which case testing was done 
with the Allen picture cards."' At young ages, 
three children could not be tested with any of 
the recognition tests; therefore, preferential 
looking procedures’ were used. To validate 
the preferential looking acuity measures for 
Bardet-Bied| patients, we compared preferen- 
tial looking and recognition acuity obtained 
from these three patients when they were older 
and from nine other patients who had both 
monocular preferential looking and recognition 
acuities measured at the same visit. 





SPHERICAL EQUIVALENT 
( diopters ) 


AGE (vears) 
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a 


Fig. 2 (Leys and associ- 
ates). Spherical equivalent of 
the right eye as a function of 
age. The patients’ symbols 
are the same as those given 
in Figure 1. 
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TABLE 2 
FUNDUS CHARACTERISTICS AT FIRST AND LAST VISITS* 


aa 


PALE DISK 


AGE AT DURATION OF SE 

PATIENT FIRST VISIT FOLLOW-UP FIRST LAST 

NO. (YRS) (YRS) VISIT VISIT 

1 11 2 0 + N/A 
2 1 the 11 H%2 = + 
3 2 7 1%2 - + 
4 A2 6 2 +: + 
5 4%2 4 %2 a + 
6 4%2 5 2 = + 
i 11 %2 2 %2 = + 
8 7 %2 14 + + 
9 11 %2 14 + + 
10 11⁄2 6 %2 = + 
11 10 7⁄2 7 2 + + 
12 6 A2 5 %2 = + 


*N/A, not available; +, yes; —, no. 


All visual acuities were expressed in octaves 
below normal to facilitate comparison of visual 
acuities obtained using the different tests. An 
octave is a halving or doubling of spatial fre- 
quency. For example, 20/40 is one octave poorer 
than 20/20. Normal Snellen letter acuity was 
taken to be 20/20. Normal Allen picture card 
acuity was considered 20/30. Preferential look- 
ing acuities were compared to previously re- 
ported norms. 8 

Dark-adapted sensitivities were obtained 
after the patients had dark adapted for 30 
minutes from exposure to room light. A previ- 
ously described two-alternative forced-choice 
procedure was used.“ The stimuli were blue 
(A < 510 nm), 1-second duration, 10-degree 
diameter flashes presented 20 degrees to the 
right or left of a flashing red liquid electronic 
display fixation target centered on a rear pro- 
jection screen. Stimuli were not presented until 
an adult observer assured the examiner that the 
patient was fixating the LED target. Sensitivi- 
ties were reported as log units below the nor- 
mal mean," which is at 4.29 + 0.18 log equiva- 
lent quanta(503 nm)/cm?/second. In these test 
conditions sensitivity is rod mediated until re- 
duced to about 2.8 log units less than the 
normal dark-adapted  sensitivity."° Thus, 
dark-adapted sensitivity that is 3.0 or more log 
units poorer than normal may be cone mediat- 
ed. It has been shown previously for pediatric 
patients with retinal disorders that the test- 


ATTENUATED ABNORMAL RETINAL PIGMENT 
RETINAL 
VESSELS MACULA PERIPHERY 
FIRST LAST FIRST LAST FIRST LAST 
VISIT VISIT VISIT VISIT VISIT VISIT 
+ N/A + N/A + N/A 
— + - + - + 
- ~ - ~ + 7 
= + = + + + 
_ pi _ = = S 
= + = - - + 
+ + + - + + 
+ + + + $ + 
= = + = + + 
= + = = - + 
+ + - + - + 
- + - + - a 


retest reliability of this procedure is high (r = 
.94). 





Results 





Visual acuity declined as age increased (Fig. 
3). In the first decade of life, all recognition 
acuities were within 2 octaves of normal (range, 
20/30 to 20/100). All patients (Patients 1, 7, 8, 
and 9) who had abnormal macular pigment 
(Table 2) at the time of their first visit also had 
visual acuity deficits of 1 octave or more. Dur- 
ing the second and third decades of life there 
were further decreases in visual acuity. Visual 
acuities measured in the second decade ranged 
from normal to 7.6 octaves poorer than normal 
(20/30 to 20/4,000). Clinical features did not 
appear to differ between those who retained a 
visual acuity of 20/100 or better and those 
whose visual acuity decreased to less than 
20/100 during the second decade of life. Review 
of the medical and ophthalmologic courses did 
not identify any particular factor instigating 
the rapid declines in visual acuity observed in 
Patients 2, 7, 8, and 11. 

Preferential looking acuities of the three chil- 
dren (Patients 3, 4, and 6) at ages when they 
could not be tested with any of the recognition 
tests ranged from 1.0 to 4.0 octaves poorer than 
normal (Fig. 4, left). For Patient 6, who would 
not tolerate patching for monocular preferen- 


Vol. 106, No. 5 Bardet-Biedl Syndrome 565 


Fig. 3 (Leys and associ- 
ates). Recognition acuities 
for right eyes. Visual acui- 
ties, expressed as octaves 
poorer than normal, are 
shown as a function of age. 
The age axis has a log scale. 
The patients’ symbols are as 
in the previous figures. Re- 
sults obtained using the 
Allen cards are circled. Other 
visual acuities were obtained 
using Snellen letters. 
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(octaves < normal) 


Fig. 4 (Leys and associates). Preferential looking (PL) grating acuities. Left, Grating acuities, expressed as 
octaves poorer than normal for age, are shown for three children (Patients 3, 4, and 6) who at young ages could 
not be tested with standard recognition acuity tests. Right, The relation of grating and recognition acuities 
obtained from the right eye on the same visit. Grating and recognition acuities are correlated (r = .86; P < .001). 
The patients’ symbols are as in the previous figures. 
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tial looking testing, only binocular visual acui- 
ties were obtained; these varied widely but 
none were within 1.0 octave of normal (Fig. 4, 
left). Patients with developmental delays have 
more variable preferential looking acuities than 
do those without developmental delays. There- 
fore, the preferential looking data of these 
three children (Fig. 4, left) cannot be interpret- 
ed to show significant change in visual acuity. 
When older, the three patients could perform 
both preferential looking and recognition acu- 
ity tests. To validate the preferential looking 
acuity measures for patients with Bardet-Bied] 
syndrome, monocular preferential looking and 
recognition acuities were measured in our 12 
patients at the same visit. The results of both 
measurements were similar, in the range of 1.0 
to 4.0 octaves poorer than normal (Fig. 4, 
right). 

The dark-adapted sensitivities (Fig. 5) of all 
patients, except for the first measurement on 
Patients 3 and 4, were significantly poorer than 
normal. Of the 11 patients who were tested at 
least twice, all patients except Patients 5, 6, 7, 
and 10 had at least a 0.5-log unit decline in 
sensitivity between the first and last visits. In 
contrast to the course of visual acuity (Fig. 3), 
marked changes in dark-adapted sensitivity oc- 
curred throughout the first and second decades 
of life (Fig. 5). The last sensitivities of all 
patients, measured at ages 7 years 1 month to 
25 years 8 months, were at least 2 log units 
poorer than normal. Dark-adapted sensitivities 
remained in the scotopic range or near the cone 


plateau except for the last sensitivity measure- 
ments recorded for Patients 2 and 8, which 
were well into the range of cone sensitivity. 

Results of preferential looking grating and 
recognition acuities and dark-adapted sensitiv- 
ities of all patients were available from their last 
visit. Linear regression of these cross-sectional 
data showed significant decreases in visual acu- 
ities and sensitivities occurred with increasing 
age (Table 3). The rates of decline of grating 
(0.19 octave/year) and recognition (0.29 octave/ 
year) acuities were not significantly different. 
For the group, the annual decrease in dark- 
adapted sensitivity was 0.09 log unit. 


ee E 
Discussion 





The mild visual acuity deficits of these chil- 
dren in the first decade of life (Fig. 3) do not 
necessarily signify impaired visual resolution 
and may, in practice, be dismissed as poor 
performance. Cognitive disabilities can make 
visual acuity testing difficult and affect results 
even when measured using preferential look- 
ing techniques." Visual acuity testing method- 
ology may explain the discrepancies between 
the results obtained in our patients and those 
previously reported for patients with Bardet- 
Biedl syndrome in their first decade of life. 
Nearly all visual acuities previously report- 
ed'**! were poorer than those of our patients or 
were not measured during the first decade of 











Fig. 5 (Leys and associ- 
ates). Dark-adapted sensitiv- 
ities as a function of age. 
Normal mean sensitivity is at 
log sensitivity 0. The shaded 
region represents + 2 S.D. of 
the normal mean. Sensitivi- 
ties about 3 log units or more 
below normal are probably 
cone mediated. The patients’ 
symbols are as in the previ- 
ous figures. 
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TABLE 3 
SPEARMAN'S RHO* 


ee 


GRATING ACUITY 


Grating acuity 1.000 
Recognition acuity = 
Dark-adapted sensitivity — 
Age — 


RECOGNITION ACUITY 


DARK-ADAPTED SENSITIVITY AGE 
0.871 0.757 0.850 
1.000 0.607 0.797 
— 1.000 0.610 
— — 1.000 


SS SS 


*Critical values of rho for n = 12: r > .506, P < .05; r > .712, P < .01. 


life. The visual acuity tests used in some previ- 
ous studies may not have been appropriate for 
their children. In the second and third decades 
of life, when greater maturity can facilitate 
visual acuity testing, the visual acuity values of 
our patients and patients reported by oth- 
ers!4:1420,2228,30 are similar. We cannot, however, 
exclude the possibility that our patients were 
among the more mildly impaired children with 
Bardet-Biedl syndrome. 

Little information is available about the dark- 
adapted sensitivities of children with Bardet- 
Biedl syndrome. To our knowledge, the dark- 
adapted sensitivity of only one patient with 
Bardet-Biedl syndrome has been reported be- 
fore age 10 years and the results were normal at 
age 8 years.” The monophasic dark-adaptation 
curves reported for two Bardet-Bied] patients’ 
at ages 13 and 22 years probably indicate dark- 
adapted retinal sensitivities near the cone pla- 
teau, as were many of the sensitivities of our 
patients during their teenage and young adult 
years. 

The results contained herein suggest that for 
children with Bardet-Bied] syndrome, a mea- 
sure of dark-adapted sensitivity is a more spe- 
cific probe of retinal health than are measures 
of central visual acuity. Within the first decade 
of life, sensitivity measures in all patients were 
significantly poorer than normal. Even those 
who retained a dark-adapted pyschophysical 
sensitivity (Fig. 5) within 1 log unit of the 
normal mean into the second decade of life had 
marked attenuation of electroretinographic re- 
sponses. Thus, we suspect that pyschophysical 
measures of dark-adapted sensitivity will be 
more sensitive than central visual acuity mea- 
sures, and electroretinographic responses 
more sensitive than the psychophysical mea- 
sures of dark-adapted sensitivity, to the pro- 
gressive compromises of retinal function. 

There is little doubt that both cone and rod 
function are affected by the retinal degenera- 


tion associated with Bardet-Biedl syndrome. 
We speculate that the course of deterioration of 
rod and cone functions differs. Therefore, sam- 
pling retinal function at various ages during 
the decline of retinal function may give differ- 
ing impressions as to whether the Bardet-Bied] 
degeneration is like a cone-rod dystrophy rath- 
er than retinitis pigmentosa. It has been sug- 
gested that the retinal degeneration of at least 
some patients with Bardet-Bied| syndrome is 
more like a cone-rod dystrophy than retinitis 
pigmentosa (rod cone).™?? The fundus ap- 
pearance of some of our young patients speaks 
against early, marked cone involvement; more 
patients had abnormal peripheral pigment than 
had abnormal macular pigment on their first 
visits (Table 2). Furthermore, the longitudinal 
visual acuity and threshold data from young 
children (Figs. 3 and 5) offer two lines of evi- 
dence against the cone-rod dystrophy hypothe- 
sis. Visual acuities, collected in phototopic con- 
ditions and mainly reflecting foveal function, 
showed only mild to moderate deficits in the 
first decade of life. Before age 10 years, half of 
the patients (Patients 2, 3, 4, 5, 10, and 12) had 
visual acuities within 1 octave of normal and no 
visual acuity was poorer than 20/100. Dark- 
adapted sensitivities, however, indicated sig- 
nificant compromise of rod function of all pa- 
tients tested before age 10 years. Nevertheless, 
through the second and third decades of life 
most dark-adapted sensitivities remained in 
the rod- rather than cone-mediated range. 
The longitudinal data gathered at unequal 
intervals and the cross-sectional data collected 
at the patients’ last visit leave no question that 
visual functions are progressively compro- 
mised (Table 3, Figs. 3 and 5). The course of 
decline of visual acuity and dark-adapted sen- 
sitivity cannot be specified exactly for an indi- 
vidual patient. The impression that dark- 
adapted sensitivities (Fig. 5) are better 
detectors than visual acuities (Fig. 3) of visual 
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deficits in young children with Bardet-Bied] 
syndrome will remain only an impression until 
the course of visual acuity and sensitivity is 
defined more completely. Only after the natu- 
ral course of the Bardet-Bied] syndrome is de- 
fined by a prospective study is it likely that 
medical and ocular factors predictive of visual 
loss will be identified. 
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OPHTHALMIC MINIATURE 

They were anxious, terribly anxious, and fierce... . 

Only the eyes of the oldest man were not anxious. Black, and fixed, and 
as if sightless, they watched the sun, seeing beyond the sun. And in their 
black, empty concentration there was power, power intensely abstract and 
remote, but deep, deep to the heart of the earth, and the heart of the sun. 
In absolute motionlessness he watched till the red sun should send his ray 
through the column of ice. Then the old man would strike, and strike 
home, accomplish the sacrifice and achieve the power. 

The mastery that man must hold, and that passes from race to race. 

D. H. Lawrence, “The Woman Who Rode Away,” 


The Complete Short Stories, vol. I 


New York, Penguin Books, 1983, p. 581 





Diagnostic Tests in Patients With Symptoms of 


Keratoconjunctivitis Sicca 








Matthew B. Goren, B.S., and Seymour B. Goren, M.D. 


We compared the relative value of the tear 
film breakup time, Schirmer test, lactoferrin 
immunologic assay, and rose bengal staining 
in 156 patients with varying severity of symp- 
toms characteristic of keratoconjunctivitis 
sicca and in 39 controls. Statistical analysis 
showed that in patients with minimal ocular 
irritation the Schirmer test in combination 
with the lactoferrin immunologic assay 
provided an optimal balance between high test 
sensitivity and low false-positive rates. In pa- 
tients with moderate to severe ocular burning, 
foreign body sensation, or pain but with no 
systemic symptoms of dry mouth or arthritis, 
and in patients with both ocular and systemic 
complaints, the lactoferrin assay alone provid- 
ed statistically significant results. Tear film 
breakup time and staining with rose bengal 
were not useful and the Schirmer test had 
limited value in measuring the rate of tear 
secretion in these patients. 


KERATOCONJUNCTIVITIS sicca is frequently 
diagnosed with the aid of the Schirmer test, 
tear film breakup time, and rose bengal stain- 
ing.'* Lysozyme determination,*® tear film 
osmolarity," thread testing for lacrimal 
secretion,*” and ocular surface-impression cy- 
tology™ have not achieved general clinical 
acceptance. Recently, results of the lactoferrin 
radial immunodiffusion assay have been found 
to correlate closely with those of the tear lyso- 
zyme assay and may be a useful clinical tool in 
diagnosing dry-eye syndromes.'*"8 We de- 
signed this study to analyze the relative diag- 
nostic value of the tear film breakup time, 
Schirmer test, lactoferrin immunologic assay, 
and rose bengal staining in patients with vary- 
ing severity of symptoms characteristic of kera- 
toconjunctivitis sicca. 
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Patients and Methods 





The study included 118 women and 38 men, 
aged 19 to 90 years (mean, 54 years), who had 
varying severity of ocular irritation, burning, 
foreign body sensation, and pain characteristic 
of keratoconjunctivitis sicca. Twenty-five 
women and 14 men ranging in age from 28 to 72 
years (mean, 54 years) served as controls; this 
group was composed of consecutive asympto- 
matic patients undergoing routine ocular exam- 
inations. 

Tear film breakup time, Schirmer test without 
anesthesia, lactoferrin immunologic assay, and 
rose bengal staining were each performed 
once, in that sequence, on all patients. The 
tests were performed with a ten-minute inter- 
val between each one to minimize reflex tearing 
and ocular surface changes secondary to test- 
ing. Results were recorded as positive for a tear 
film breakup time of less than eight seconds, a 
Schirmer test of less than 8 mm of wetting in 
five minutes, and any staining with rose ben- 
gal. Lactoferrin immunologic assays were per- 
formed as previously described," using com- 
mercially available radial immunodiffusion 
kits. The test plates were analyzed after 72 
hours. When combinations of tests were ana- 
lyzed, a test battery was considered positive if 
any of the tests within that group was positive. 
Before statistical analysis, the symptomatic 
group was subdivided into 28 patients whose 
only complaint was minimal ocular irritation; 
25 patients with moderate to severe ocular 
symptoms such as burning, foreign body sen- 
sation, and pain but no dry mouth or arthritis; 
and 103 patients with both ocular and systemic 
complaints. 

Statistical analysis of the data for specificity 
(the percentage of asymptomatic patients test- 
ing negative) and sensitivity (the percentage of 
symptomatic patients testing positive) was per- 
formed on each individual test, as well as on all 
of their possible combinations, using the single 
sample chi-square test for enumeration data. 
P < .05 was considered significant. 
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Results 





Specificity rates determined from 39 patients 
in the control population (Table 1) showed that 
the lactoferrin immunologic assay and rose 
bengal staining when used individually were 
most specific (89.7% each). These values were 
not statistically greater than that obtained from 
the Schirmer test (76.9%) but were significantly 
higher than that obtained from all other test 
modalities (P < .025 to P < .005). When combi- 
nation test batteries were analyzed, the 
Schirmer test plus lactoferrin immunologic 
assay was the most specific (69.2%). However, 
this was not significantly greater than any 
other combination except for the combination 
of all four tests, which had a specificity of 
43.6% (P < .025). 

Sensitivity rates derived from 28 patients 
with minimal ocular symptoms demonstrated 
that the lactoferrin immunologic assay used 
alone, the combination of tear film breakup 
time plus Schirmer test plus lactoferrin immu- 
nologic assay, the combination of Schirmer test 
plus lactoferrin immunologic assay, and the 
combination of Schirmer test plus lactoferrin 
immunologic assay plus rose bengal staining 
were significantly more sensitive than other 


TABLE 1 
CONTROL PATIENTS 
ne 
NO. OF 
PATIENTS WITH 
FALSE-POSITIVE  FALSE-POSITIVE SPECIFICITY 
TEST* RESULTS (n=39) RATE (%) RATE (%) 
A 11 28.2 71.8 
B 23.1 76.9 
C 4 10.3 89.7 
D 4 10.3 89.7 
A+B 17 43.6 56.4 
A+C 14 35.9 64.1 
A+D 15 38.5 61.5 
A+B+C 19 48.7 51.3 
A+B+D 20 51.3 48.7 
A+C+D 18 46.2 53.8 
A+B+C+D 22 56.4 43.6 
B+C 12 30.8 69.2 
B+D 20 51.3 48.7 
B+C+D 15 38.5 61.5 
C+D 18 46.2 53.8 


naO 


*A, tear film breakup time; B, Schirmer test; C, lactoferrin 
immunologic assay; and D, rose bengal staining. 


tests when compared to the control population 
(Table 2). 

Sensitivity rates determined from 25 patients 
with moderate to severe ocular symptoms but 
no systemic complaints (Table 3) showed that 
the combination of all four tests was most 
sensitive (88%). This was not significantly dif- 
ferent from any other test battery except for the 
tear film breakup time, Schirmer test, and rose 
bengal staining used alone (P -< :025 to PE 
.005). 

Sensitivity rates from 103 patients with both 
ocular and systemic symptoms (Table 4) 
showed that the combination of all four tests 
was most sensitive (89.3%). This was not sig- 
nificantly different from the following combina- 
tions: tear film breakup time and Schirmer test; 
tear film breakup time, Schirmer test, and 
lactoferrin immunologic assay; tear film break- 
up time, Schirmer test, and rose bengal stain- 
ing; tear film breakup time, lactoferrin immu- 
nologic assay, and rose bengal staining; 
Schirmer test and lactoferrin immunologic 
assay; Schirmer test and rose bengal staining; 
and Schirmer test, lactoferrin immunologic 
assay, and rose bengal staining. Combining all 
four tests, however, did achieve significantly 
greater sensitivity rates than the other remain- 
ing combinations (P < .025 to P < .005). 


TABLE 2 
PATIENTS WITH MINIMAL OCULAR SYMPTOMS 


i 


NO. OF STATISTICAL 
PATIENTS WITH SIGNIFICANCE 
POSITIVE TEST SENSITIVITY COMPARED TO 
TEST* (N=28) (%) CONTROL 
A 10 35.7 NS 
B 12 42.8 NS 
Cc 10 35.7 P< .01 
D 1 3.6 NS 
A+B 18 64.3 NS 
A+C 13 46.4 NS 
A+D 10 35.7 NS 
A+B+C 21 75 P< 05 
A+B+D 18 64.3 NS 
A+C+D 13 46.4 NS 
A+B+C+D 21 75 NS 
B+C 18 64.3 P < .01 
B+D 18 64.3 NS 
B+C+D 18 64.3 P < .05 
C+D 13 46.4 NS 


ae ŘŮ—————— 


*A, tear film breakup time; B, Schirmer test; C, lactoferrin 
immunologic assay; D, rose bengal staining; and NS, not signifi- 
cant. 
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TABLE 3 
PATIENTS WITH MODERATE TO SEVERE OCULAR 
SYMPTOMS WITHOUT SYSTEMIC INVOLVEMENT 


oqo 


NO. OF PATIENTS 


WITH POSITIVE TEST SENSITIVITY 

TEST* (N=25) (%) 
A 15 60 
B 15 60 
C 17 68 
D 9 36 
A+B 18 72 
A+C 18 72 
A+D 17 68 
A+B+C 20 80 
A+B+D 19 76 
A+C+D 21 84 
A+B+C+D 22 88 
B+C 19 76 
B+D 18 72 
B+C+D 21 84 
C+D 20 80 


“A, tear film breakup time; B, Schirmer test; C, lactoferrin 
immunologic assay; and D, rose bengal staining. 





Discussion 
SS ee ee N 


Defining a diseased population in keratocon- 
junctivitis sicca is difficult; unfortunately, the 
diagnosis is largely based upon the tests being 
evaluated.’ We defined diseased patients on the 
basis of symptoms alone and did not include 
clinical signs such as marginal tear strip, mu- 
cous debris, threads and filaments, or superfi- 
cial punctate keratopathy in our selection crite- 
ria. While designating symptoms as the sole 
criterion for disease introduces much subjectiv- 
ity into the analysis and lowers the sensitivity 
rates by expanding the diseased population, 
we can assume it is a constant error throughout 
our study. Additionally, when the potentially 
serious complications of keratoconjunctivitis 
sicca are considered, overdiagnosis of dry-eye 
syndromes is preferable to underdiagnosis"; 
using symptoms alone as the diagnostic criteria 
results in such a situation. Until a definitive 
diagnostic test based on the underlying patho- 
genetic mechanisms of keratoconjunctivitis 
sicca is found, any attempt to evaluate clinical 
tests for this entity will be complicated by some 
degree of subjectivity. 

We arbitrarily considered a tear film breakup 
time of less than eight seconds, a Schirmer test 


TABLE 4 
PATIENTS WITH BOTH OCULAR AND SYSTEMIC 
SYMPTOMS 


--—_——————— 


NO. OF PATIENTS WITH 


POSITIVE TEST SENSITIVITY 
TEST* (N=103) (%) 
A 56 54.4 
B 76 73.8 
Cc 73 70.9 
D 29 28.2 
A+B 85 82.5 
A+C 79 76.7 
A+D 62 60.2 
A+B+C 90 87.4 
A+B+D 88 85.4 
A+C+D 82 79.6 
A+B+C+D 92 89.3 
B+C 87 84.5 
B+D 84 81.6 
B+C+D 90 87.4 
C+D 76 73.8 


ee 
“A, tear film breakup time; B, Schirmer test; C, lactoferrin 
immunologic assay; and D, rose bengal staining. 


of less than 8 mm of wetting in five minutes, 
and any staining with rose bengal as positive. 
To compare accurately the various test modali- 
ties, we believed that using any of the tests 
being evaluated as part of the inclusion criteria 
for diseased patients was inappropriate. 
Changing the value fora positive test or adding 
clinical findings to the selection criteria might 
have affected our recommendations. 

Our results offer some direction as to which 
tests should be used to examine a patient with 
symptoms of keratoconjunctivitis sicca. It is 
helpful to divide patients into three groups: 
those complaining of minimal ocular irritation; 
those with moderate to severe ocular symp- 
toms such as burning, foreign body sensation, 
and pain but no dry mouth or arthritis; and 
those with both ocular and systemic manifesta- 
tions of sicca syndrome. In this manner, a 
narrower patient population is created and sta- 
tistical analysis of the data can be made more 
confidently. 

Among those patients who complained only 
of minimal ocular irritation, the lactoferrin im- 
munologic assay plus Schirmer test was the 
appropriate test battery. A Schirmer test alone 
was of no value since the results obtained with 
that test were not significantly different from 
those obtained in the control population. If 
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only a lactoferrin immunologic assay was per- 
formed on these patients, a false-positive rate 
of 10.3% (four of 39 patients) was incurred but 
only 35.7% (ten of 28) patients with keratocon- 
junctivitis sicca were identified; therefore, if 
done alone, positive results on lactoferrin im- 
munologic assay are of great significance but 
negative results are not. By combining the 
lactoferrin immunologic assay with the 
Schirmer test, the false-positive rate increased 
to 30.8% (12 of 39 patients) but the yield of 
affected patients rose to 64.3% (18 of 28 pa- 
tients). Obviously, the Schirmer test does iden- 
tify some patients with keratoconjunctivitis 
sicca not identified with the lactoferrin immu- 
nologic assay. The sensitivity achieved by com- 
bining the lactoferrin immunologic assay with 
the Schirmer test was significantly greater than 
that obtained in the control population (P < 
.01) and will be valuable in many clinical situa- 
tions. 

When examining a patient with moderate to 
severe ocular symptoms but without systemic 
involvement, only the lactoferrin immunologic 
assay should be used. There was no statistical 
advantage in performing any of the other tests 
studied in such a patient. Although results of 
rose bengal staining are highly specific, we did 
not find it to be sensitive in patients regardless 
of the severity of symptoms (3.6% sensitivity or 
one of 28 patients with minimal ocular symp- 
toms, and 36% sensitivity or nine of 25 patients 
with moderate to severe ocular complaints). 
This finding is in contrast to other studies that 
have found rose bengal staining useful in de- 
tecting early stages of keratoconjunctivitis 
sicca.” Our data indicate that staining of devi- 
talized epithelium is a relatively late conse- 
quence of the dry-eye syndrome and is of no 
diagnostic value. The lactoferrin immunologic 
assay used alone best identified these patients 
as it had the highest specificity (89.7% or 35 of 
39 patients) and was statistically not signifi- 
cantly less sensitive than any other test battery. 

Mengher, Pandher, and Bron” reported a 
tear film breakup time sensitivity of 86% in 33 
patients with ocular irritation, interpalpebral 
staining, and a positive Schirmer test. Of 27 
patients in our series who met these criteria, a 
sensitivity of 81.5% was obtained for the tear 
film breakup time. We believe, however, that 
this does not reflect the true sensitivity of this 
test. We found staining to be unreliable and 
primarily useful in detecting patients with rela- 
tively severe disease; by designating a positive 
staining test as part of the inclusion criteria, it 
creates an erroneous bias in favor of increased 


sensitivity of the tear film breakup time. 
Vanley, Leopold, and Gregg” reported large 
individual variations in the tear film breakup 
time, whereas others have maintained that it is 
a reliable test.*** We found that the tear film 
breakup time alone or in combination with 
other diagnostic tests was not useful in patients 
with symptoms of keratoconjunctivitis sicca 
when compared with the other test modalities. 

Based on our data, the appropriate diagnos- 
tic modality in patients with both ocular and 
systemic manifestations of keratoconjunctivitis 
sicca syndrome is the lactoferrin immunologic 
assay alone. While several test batteries were 
more sensitive, they all had significantly higher 
false-positive rates. With a specificity rate of 
89.7%, a positive lactoferrin immunologic 
assay in these patients was quite reliable. Per- 
forming a tear film breakup time or rose bengal 
staining was of no statistical value in these 
patients. While the lactoferrin immunologic 
assay plus Schirmer test had a reasonable spe- 
cificity of 69.2% and a higher sensitivity (84.5% 
or 87 of 103 patients) than the lactoferrin immu- 
nologic assay alone (70.9% sensitivity or 73 of 
103 patients), the greater number of diseased 
patients identified with the lactoferrin immu- 
nologic assay plus Schirmer test was offset by 
the higher false-positive rate. The clinician 
must balance the advantages of an increased 
yield against the error of false positives. When 
sensitivity rates for patients with both ocular 
and systemic symptoms were analyzed accord- 
ing to the severity of ocular symptoms, no 
significant difference was found between the 
lactoferrin immunologic assay used alone and 
the lactoferrin immunologic assay combined 
with the Schirmer test. However, the lacto- 
ferrin immunologic assay had a significantly 
higher specificity than the lactoferrin immuno- 
logic assay plus Schirmer test (P < .025), mak- 
ing the lactoferrin immunologic assay used 
alone most reliable in these patients. 

Unfortunately, the ultimate statistical mea- 
sure of the usefulness of a test, its predictive 
value, or the likelihood that a particular test 
result is correct, could not be ascertained in this 
study since the prevalence of keratoconjunc- 
tivitis sicca in the general population is not 
accurately known. 
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Corneal Allograft Rejection Following Immunization 





Thomas L. Steinemann, M.D., Bruce H. Koffler, M.D., and C. Darrell Jennings, M.D. 


Five patients developed corneal allograft re- 
jection after immunization. One patient, a 33- 
year-old woman, received a tetanus toxoid 
booster nine months after a corneal transplant 
for keratoconus. Within four days she devel- 
oped a graft rejection that required a penetrat- 
ing keratoplasty two years later. Six months 
later, after hepatitis B immunization, the pa- 
tient reported decreased vision and the graft 
was cloudy, but visual acuity was 20/20. The 
other four patients developed graft rejection 
after influenza immunization. Two of these 
four graft rejection episodes were successfully 
treated with high-dose corticosteroid therapy; 
all episodes occurred within several weeks of 
influenza immunization. Patients should be 
prudently counseled regarding the possible 
risks of immunization to corneal allograft 
survival. 


THE CORNEA is one of the most successfully 
transplanted human tissues as a result of its 
immunologic privilege. This privilege is rela- 
tive, and is contingent upon host avascularity. 
However, rejection rates from 2% to 35% have 
been documented even in avascular recipi- 
ents.'” Despite the widespread clinical success 
of corneal transplantation, allograft rejection is 
the most important cause of delayed corneal 
graft failure.** Nevertheless, the cornea re- 
mains one of the least studied experimental 
transplantation systems. 


Case Reports 


Case 1 
In January 1983 a 33-year-old woman with 
keratoconus received a corneal transplant in 
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her left eye. The epithelium was removed ac- 
cording to the protocol suggested by 
Tuberville, Foster, and Wood.* There were no 
postoperative complications and nine months 
later best-corrected visual acuity was 20/30 and 
the graft was clear. In October 1983 she re- 
ceived a tetanus toxoid booster injection. With- 
in four days she experienced fever, chills, and 
myalgia. About two days later she noted cloudy 
vision in her left eye. One week later visual 
acuity was 20/60 and classical signs of graft 
rejection were noted: inferior graft edema, en- 
dothelial keratic precipitates, and a mild ante- 
rior chamber reaction. The host bed blood ves- 
sels were quiet. Intensive topical corticosteroid 
therapy was begun and a short course of oral 
corticosteroids was instituted. The symptoms 
resolved three weeks later. 

In November 1985 the patient underwent a 
second penetrating keratoplasty in her left eye 
for irregular astigmatism. The postoperative 
course was uneventful. Six months later her 
best-corrected visual acuity was 20/25 and the 
graft was clear. In May 1986 she received part 1 
of a hepatitis B immunization and within 24 
hours she noted cloudy vision in the grafted 
eye accompanied by generalized achiness. Rec- 
ognizing the symptoms of her previous rejec- 
tion episode, she treated herself with hourly 
topical corticosteroids (the patient was a physi- 
cian). One week later her best-corrected visual 
acuity was 20/25 and the graft was clear. One 
month later she received part 2 of the hepatitis 
B immunization and again noted visual cloud- 
ing in her grafted eye within two weeks. She 
treated herself with hourly topical corticoste- 
roids until she could be examined by an oph- 
thalmologist. Two months later, in October 
1986, the graft was cloudy and scattered keratic 
precipitates were noted on the inferior endo- 
thelium. Despite a visual acuity of 20/20, the 
patient still complained of visual clouding in 
the morning, but no pain or photophobia. The 
corneal edema and inflammatory reaction re- 
sponded to intensive topical corticosteroid 
therapy and her graft has remained clear. 


Case 2 
An 84-year-old woman with pseudophakic 
corneal edema had undergone a penetrating 
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keratoplasty in her right eye 14 months previ- 
ously. On examination signs of graft rejection 
including keratic precipitates, diffuse micro- 
cystic edema, and bullae were noted. The pa- 
tient recalled receiving an influenza immuniza- 
tion five weeks previously and had noted 
deterioration of her vision sometime thereafter. 
Two weeks before the rejection episode, her 
visual acuity was 20/50 and the graft was clear. 
During the rejection episode, visual acuity was 
20/400 and the graft was clearly failing. The 
episode of rejection was alleviated with a regi- 
men of high-dose topical corticosteroids. 


Case 3 

A 73-year-old woman had undergone a pene- 
trating keratoplasty in her right eye three 
months previously for pseudophakic corneal 
edema. At her last examination before the re- 
jection episode, visual acuity was 20/200, the 
graft was clear, and the anterior chamber was 
quiet. Three weeks later she received an influ- 
enza immunization. One month after the injec- 
tion, her visual acuity had deteriorated to hand 
motions. Slit-lamp examination showed a dif- 
fusely swollen and edematous graft. A regimen 
of intensive corticosteroid therapy was institut- 
ed but the graft never recovered. 


Case 4 

A 69-year-old woman had a corneal graft with 
removal of an intraocular lens in July 1986. She 
was doing well until four months later when 
she received an influenza immunization. Eight 
weeks later she noticed blurring of her vision, 
but the graft appeared to be clear and the 
sutures intact; visual acuity was 20/40. She was 
instilling a topical corticosteroid preparation 
once a day. About three weeks later (late Janu- 
ary 1987) visual blurriness again developed, 
accompanied by photophobia and tearing. The 
slit-lamp examination showed a diffusely thick- 
ened graft (0.74 mm, increased from 0.50 mm) 
with keratic precipitates but no rejection line; 
her visual acuity was counting fingers. The 
graft remained cloudy despite treatment with 
topical and oral corticosteroids for several 
weeks. A regraft was performed in March 1987, 
and this graft has remained clear. 


Case 5 

In March 1986 a 72-year-old woman under- 
went a combined corneal graft and cataract 
extraction with intraocular lens insertion. She 
was doing well on a regimen of topical cortico- 
steroids with a “crystal clear” graft and a visual 


acuity of 20/40 until six months later when she 
received a “flu shot.” Three weeks after the 
injection she developed blurred vision. Her 
visual acuity was stable at 20/40. Slit-lamp ex- 
amination showed keratic precipitates on the 
corneal endothelium and a small patch of ves- 
sels at the 6 to 7 o'clock graft/host junction. The 
graft thickness had increased from 0.47 to 0.54 
mm. She was treated with intensive topical and 
oral corticosteroids, and the graft cleared. 





Discussion 





These five patients had clinical evidence of 
graft rejection in close temporal association 
with three types of immunization. We hypothe- 
size that immunization may induce expression 
and subsequent recognition of antigens of the 
major histocompatibility complex in the cor- 
nea. There is strong evidence in the transplan- 
tation literature that a variety of grafted organ 
systems do show marked enhancement of 
major histocompatibility complex antigenic ex- 
pression after rejection. Consequently, donor 
parenchymal cells with little or no initial major 
histocompatibility complex antigen expression 
(thus poorly immunogenic) become vulnerable 
targets in a sequence of enhanced antigenic 
expression, host immune cell recognition, and 
immunologic destruction.’ 

Class I major histocompatibility complex an- 
tigens have been demonstrated in the corneal 
epithelium and stroma.’ Recent evidence indi- 
cates that their expression on the corneal endo- 
thelium can be induced in vivo via the stimula- 
tion of interferon.’ Class II major 
histocompatibility complex antigen molecules 
may be induced in all three layers of the cornea 
after exposure to activated T cell products, 
specifically the lymphokine gamma interfer- 
on.°** Class II expression on the corneal endo- 
thelium has also been demonstrated in vivo 
after primary uveitis." The expression of class 
II antigens on dendritic or Langerhans cells of 
the corneal epithelium and stroma is also well 
described.''* Class II antigens are stronger 
transplantation antigens than class I and 
have been demonstrated in renal allograft re- 
jection to elicit strong responses." Donor/host 
compatibility of the class II antigens has been 
shown to be of greater importance than class I 
antigens in renal allograft survival." 

The following models are plausible mecha- 
nisms for immunization-induced graft rejec- 
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tion. The first presumes that a local inflamma- 
tory response may be initiated via soluble 
immune complex deposition in the uvea, iris, 
and perilimbal vasculature. Local inflammation 
with increased vascular permeability, nonspe- 
cific destruction, and subsequent microneovas- 
cularization may ensue, thus enabling inflam- 
matory products to reach the donor tissue. 
These inflammatory products include interfer- 
ons, interleukins, and other lymphokines capa- 
ble of enhancing major histocompatibility com- 
plex expression. Our first patient had 
symptoms preceding the rejection episode 
which were highly suggestive of serum sick- 
ness, a classic immune complex-mediated dis- 
order. Clinical uveitis appearing in association 
with serum sickness was described by Theo- 
dore and Lewson® in a patient who had re- 
ceived horse antipneumococcal serum. Further 
experimental evidence was provided by Wong, 
Anderson, and McMaster”? who suggested that 
this type of uveitis is an immune complex 
disease manifested histologically by uveal and 
glomerular vascular damage. The temporal as- 
sociation between viral syndromes and renal 
allograft rejection is well described in the trans- 
plantation literature.” Theoretically, a similar 
stimulus for rejection could be provided by 
immunization via a generalized activation of T 
cells. At least one such case has been described 
in the renal transplant literature occurring one 
month after an influenza immunization.” 

Two other mechanisms are possible. Systemi- 
cally released gamma interferon may reach the 
corneal graft along with activated T cells fol- 
lowing immunization. These cells or their prod- 
ucts may then create a local inflammatory re- 
sponse as noted above. Polack” showed 
experimentally that a single intravenous injec- 
tion of antigen (in this case, Shigella endotoxin) 
can induce a mild uveitis with graft haziness 
within 24 hours. The possibility also exists that 
immunization may stimulate the production of 
T effector cells that can cross react with allo- 
major histocompatibility complex antigens of 
the corneal button. Recently, this has been 
reported in culture involving cloned T helper 
cells that recognize class II antigens and cross 
react with tetanus toxoid antigen” and cloned T 
cells that cross react with influenza-A viral 
antigens.” 

We can only speculate on the marked differ- 
ence in elapsed time between immunization 
and both episodes of rejection reported in Pa- 
tient 1. The response to a tetanus toxoid boost- 
er may well have been a secondary (or anam- 
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nestic) response, reflecting previous antigenic 
sensitization. The rapid response after the hep- 
atitis B immunization could again reflect previ- 
ous sensitization via a previous subclinical in- 
fection. 

Although the association between graft rejec- 
tion episodes and immunization was temporal 
only, immunization is a controllable situation 
and patients should be forewarned that the 
procedure may potentiate a threat to the health 
of their corneal transplant. We suggest that 
allograft patients be treated with increased top- 
ical corticosteroids both before and after immu- 
nization. Ophthalmologists should also ques- 
tion patients with corneal grafts about recent 
immunizations or viral syndromes in the pres- 
ence of an acute rejection epsisode. 
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Fibrous Histiocytoma of the Corneoscleral Limbus and 


Conjunctiva 


Salim Lahoud, M.D., Seymour Brownstein, M.D., and Michel Y. Laflamme, M.D. 


An 11-year-old boy and a 28-year-old woman 
each had a painless, slowly enlarging, elevat- 
ed, yellow lesion of the inferior corneoscleral 
limbus and adjacent cornea and conjunctiva of 
the left eye. Histopathologic examination of 
both lesions disclosed involvement of the con- 
junctival substantia propria and the adjacent 
limbal and peripheral corneal stroma by a 
nonencapsulated, dense infiltrate composed of 
elongated fibrocytic cells, plump histiocytic 
cells occasionally with a vacuolated cyto- 
plasm, some multinucleated giant cells, and 
scattered lymphocytes. The diagnosis in each 
case was fibrous histiocytoma. Both patients 
were otherwise in good health with no derma- 
tologic, systemic, or other ocular abnormal- 
ities. 


FIBROUS HISTIOCYTOMA may involve ocular 
structures including the orbit, eyelids, con- 
junctiva, corneoscleral limbus, and cornea. We 
studied two cases of fibrous histiocytoma of the 
corneoscleral limbus with involvement of the 
adjacent conjunctiva and cornea. 


Case Reports 


Case 1 

An 11-year-old boy was examined in August 
1984 because of a yellow, elevated limbal lesion 
in the left eye of three months’ duration. The 
lesion measured 7.5 x 4 mm in the inferior 
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perilimbal conjunctiva between the 5 and 7 
o’clock meridians and showed superficial and 
deep vascularization. Adjacent to the super- 
otemporal border of the lesion, a yellow subep- 
ithelial deposit measuring 3 x 1 mm was noted 
in the peripheral cornea. Results of the remain- 
der of the ophthalmologic examination were 
unremarkable and visual acuity was 20/25 in 
both eyes. The patient was in good health and 
no other abnormalities were found on the gen- 
eral physical examination, including no cutane- 
ous lesions. Results of laboratory investiga- 
tions including studies of the serum lipids were 
also normal. The family history showed no 
evidence of similar lesions and lipid abnormali- 
ties; essential hypertension was described in 
members of both parents’ families. 

An inflammatory process was suspected as 
the cause of this lesion and prednisolone ace- 
tate 1%, one drop four times daily, was applied 
in the left eye. After three months, this treat- 
ment was discontinued because the lesion had 
not responded and the intraocular pressure in 
the left eye had increased to 35 mm Hg com- 
pared to 20 mm Hg in the right eye. The lesion 
slowly enlarged and five months after the ini- 
tial examination, it measured 9 X 5 mm and 
showed more elevation and a deeper yellow 
color (Fig. 1). 

In February 1985, an excisional biopsy was 
attempted, but the lesion was noted to be 
infiltrative, vascular, and friable; the dissection 
from the surrounding tissues was difficult be- 
cause there was no clear-cut separation be- 
tween normal and abnormal tissues. Frozen 
sections of the excised tissue showed a chronic 
granulomatous inflammatory infiltrate, with 
epithelioid cells and multinucleated giant cells. 
The lesion was not removed in total because of 
severe thinning of the peripheral cornea as a 
result of the surgical resection. 

Histopathologic examination of the excised 
tissue disclosed a focally thinned peripheral 
Bowman’s membrane and a scarred superficial 
corneal and limbal stroma adjacent to a large, 
cellular infiltrative stromal lesion (Fig. 2) that 


©AMERICAN JOURNAL OF OPHTHALMOLOGY 106:579-583, NOVEMBER, 1988 579 


580 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1988 








Fig. 1 (Lahoud, Brownstein, and Laflamme). Case 
1. Elevated, yellow, well-vascularized, inferior 
limbal lesion involving the adjacent conjunctiva and 
cornea of left eye. 


involved the surgical margins. The lesion con- 
sisted mostly of a mixture of elongated fibro- 
cytic cells and more plump cells, occasionally 
with a vacuolated or granular cytoplasm, some 
of which were multinucleated (Fig. 2, insets). 
Some chronic inflammatory cells, mainly lym- 
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phocytes, also were present. The lesion con- 
tained a variable amount of irregularly thick- 
ened collagen. The diagnosis was fibrous 
histiocytoma of the corneoscleral limbus. 

Two weeks postoperatively, the surgical de- 
fect was reepithelialized but there was severe 
thinning of the underlying peripheral corneal 
stroma, almost to half the thickness of the 
adjacent normal cornea. Severe perilimbal hy- 
peremia also was noted but this progressively 
faded over the next few months. Twenty 
months postoperatively, there was no evidence 
of recurrence of the limbal lesion; the peripher- 
al cornea still showed severe thinning and mild 
vascularization. Best-corrected visual acuity 
was 20/20 in each eye, with mild astigmatism 
(—1.25 +1.25 x 100) in the left eye. 


Case 2 

A 28-year-old woman was examined in No- 
vember 1979 for a slowly growing, painless 
lesion in the left eye of four months’ duration. 
Ophthalmic examination showed a yellow, ele- 
vated limbal lesion, measuring 2 X 2mm, at the 
5 o'clock meridian. Best-corrected visual acuity 





Fig. 2 (Lahoud, Brownstein, and Laflamme). Case 1. Densely cellular lesion involves the limbal (L) and 


adjacent corneal (C) stroma with scarring and thinning of the peripheral Bowman’s membrane (arrows) 
(hematoxylin-phloxine-saffron, x 140). Left inset, Multinucleated giant cells in lesion and right inset, vacuolated 
(V) cytoplasm of a multinucleated giant cell (both insets, hematoxylin and eosin, x 1,000). 
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was 20/20 in both eyes and intraocular pressure 
was 16 mm Hg in both eyes. No other ocular 
abnormalities were noted. One year previous- 
ly, the patient had suffered a left corneal abra- 
sion from a cat scratch, which had been treated 
with patching of the eyelids followed by topi- 
cally applied antibiotic eyedrops. The limbal 
lesion was excised in January 1980. 

Microscopic examination showed a superfi- 
cial lamellar fragment of conjunctival, limbal, 
and corneal tissue. The corneal epithelium and 
Bowman’s membrane were intact. The substan- 
tia propria of the conjunctiva and the adjacent 
limbal and peripheral corneal stroma contained 
a dense infiltrative lesion consisting mainly of 
plump cells, some of which had a foamy cyto- 
plasm, as well as spindle-shaped cells, occa- 
sional multinucleated giant cells including 
those of the Touton variety, and scattered lym- 
phocytes (Fig. 3). The collagen fibers appeared 
degenerated. The lesion extended to the deep 
surgical margin. The diagnosis was fibrous his- 
tiocytoma of the corneoscleral limbus. 

The patient was followed up for two months 
with no recurrence of the lesion. 














Discussion 





Fibrous histiocytomas are a heterogeneous 
group of mesenchymal tumors composed of an 
admixture of fibroblastic and histiocytic ele- 
ments in varying proportions. Ocular involve- 
ment occurs most frequently in the orbit, with 
fibrous histiocytoma having been reported as 
the most common primary mesenchymal orbit- 
al tumor of adults.' In a recent clinicopatho- 
logic study of 150 cases of orbital fibrous histio- 
cytoma, Font and Hidayat! classified these 
tumors into three groups, benign, locally ag- 
gressive, and malignant, based on histopatho- 
logic criteria. They found that the biologic be- 
havior of the orbital lesions correlated well 
with the histopathologic classification. 

Fibrous histiocytomas of the conjunctiva and 
corneoscleral limbus occur much less frequent- 
ly than those of the orbit. We identified 14 
histologically proven cases (personal commu- 
nications: J. Pe’er, June 1985 and A. P. Ferry, 
September 1986), including our two cases.”! 
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Fig. 3 (Lahoud, Brownstein, and Laflamme). Case 2. Cellular lesion lies in superficial substantia propria of 


perilimbal conjunctiva (hematoxylin and eosin, x 140). Left inset, Two multinucleated giant cells in lesion and 
right inset, a Touton giant cell with the vacuolated (V) cytoplasm external to the ring of nuclei (both insets, 
hematoxylin and eosin, x 1,000). 
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Patients harboring similar lesions but which 
occurred as part of a generalized syndrome 
including juvenile xanthogranuloma, xantho- 
ma disseminatum, and generalized plane xan- 
thoma were not included in our review, al- 
though the histopathologic findings of these 
lesions may be similar to those in fibrous histio- 
cytoma.’*” Furthermore, the conjunctival le- 
sions in the generalized syndromes were fre- 
quently multiple and even bilateral. 

Clinical features—The median age of the 14 
described patients at the time of diagnosis was 
24 years (range, 3 to 72 years). Eight patients 
were female and six were male. Nine of the 
tumors occurred in the right eye and five in the 
left eye. The lesion involved the corneoscleral 
limbus in 12 cases, whereas the nonlimbal bulb- 
ar conjunctiva was affected in two cases (per- 
sonal communication, A. P. Ferry, September 
1986).’ The location of the tumor was noted in 
13 cases: it was inferior in eight cases, includ- 
ing in our two patients; superior in two; tem- 
poral in seven; and nasal in five, with ten of the 
lesions involving more than one quadrant. 

The median duration between the onset of 
symptoms and initial management in 11 pa- 
tients was nine months (range, two months to 
six years). This time period tended to be less in 
patients with benign lesions (median, four 
months; range, two months to six years) than in 
those with locally aggressive and malignant 
lesions (median, 21 months; range, ten to 36 
months). : 

Pathologic features—Histopathologic examina- 
tion showed that the tumors consisted of a 
nonencapsulated, densely cellular, subepithe- 
lial mass composed of varying proportions of 
plump histiocytic cells and spindle-shaped 
fibrocytic cells that generally showed no specif- 
ic structure but sometimes exhibited a 
storiform (matted) pattern.*®” Several addi- 
tional cell types were present in variable pro- 
portions including foamy, lipid-laden xan- 
thomatous cells, multinucleated giant cells 
including those of the Touton variety seen in 
our Case 2, and scattered, mostly chronic in- 
flammatory cells, primarily lymphocytes. Some 
tumors displayed irregular thick bands of colla- 
gen, as was found in our Case 1, and some 
showed moderate vascularization, especially in 
the margins. Anaplastic, bizarre cells contain- 
ing large, hyperchromatic, vesicular and pleo- 
morphic nuclei as well as atypical mitoses were 
noted in the malignant tumors.*!” 

The histopathologic findings of the lesions 
from both of our cases were similar to those 


described in juvenile xanthogranuloma.” 
This was especially striking in our Patient 2 
whose lesion contained Touton giant cells. 
However, in juvenile xanthogranuloma, there 
usually is a lesser fibrocytic response and a 
greater associated inflammatory response, in- 
cluding plasma cells, eosinophils, and lympho- 
cytes in appreciable numbers, than were ob- 
served in our patients’ lesions. Furthermore, 
our Patient 2 was an adult and both of our 
patients had no other findings related to juve- 
nile xanthogranuloma. 

Ten of the 14 lesions, including our two 
cases, were reported as benign, one was locally 
aggressive, and three were malignant. The be- 
nign lesions showed similar characteristics, 
usually consisting of a yellow, pink, or red, 
slightly elevated mass, and measuring between 
2 and 8 mm in greatest diameter at the time of 
diagnosis. One benign lesion measured 15 mm 
in diameter. The locally aggressive lesion, 
which measured over 11 mm in diameter, infil- 
trated the iris after four incomplete excisions 
and iatrogenic limbal perforation, but the 
tumor cells did not appear malignant.’ The 
three malignant tumors, which measured from 
15 to 22 mm in greatest diameter, all involved 
the corneoscleral limbus of the right eye, with 
one having extended through the sclera to 
occupy the adjacent ciliary body and iris root 
and another having massively infiltrated the 
upper eyelid above the superior fornix (person- 
al communication, J. Pe'er, June 1985).* 

Management—The treatment of limbal and 
conjunctival fibrous histiocytoma consisted of 
attempted total surgical excision in 13 patients. 
The excision generally involved a superficial 
keratectomy or sclerokeratectomy, with a con- 
junctival flap in two patients and lamellar 
grafts during reoperations in two other pa- 
tients. Enucleation was the primary manage- 
ment in one case that histologically was found 
to be malignant." Enucleation was also re- 
quired after recurrent disease that led to intra- 
ocular involvement in another malignant fi- 
brous histiocytoma as well as in the locally 
aggressive tumor.** The third malignant 
tumor, which involved the upper eyelid, was 
treated by exenteration after initial attempts at 
local excision. 

Postoperative follow-up—During the postoper- 
ative follow-up period of nine benign cases, 
only two developed clinical evidence of recur- 
rent tumor. Both tumors recurred within two 
months of the initial operation and were man- 
aged by further surgery and, in one patient, 
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the application of cryotherapy and cautery to 
the surgical bed.*"' The locally aggressive 
tumor and the two malignant tumors that ini- 
tially were not managed by enucleation all 
recurred two to three times within two years of 
the original operation before the definitive 
therapy of enucleation or exenteration (in one 
malignant case) was performed. There was no 
clinical evidence of recurrent or metastatic dis- 
ease after the most recent treatment of the 
lesion in 11 patients who were followed up fora 
median of 20 months (range, two months to 
seven years). This included eight benign tu- 
mors (median follow-up, 25 months; range, two 
months to seven years), one locally aggressive 
tumor (four years of follow-up), and two malig- 
nant tumors (18 and 19 months of follow-up). 
Tumor was found in the surgical resection mar- 
gins of the most recently obtained specimen in 
five of the benign cases, including the lesions 
of our two patients, but none of these patients 
have shown clinical evidence of recurrent dis- 
ease after follow-up periods of two, five, 20, 30, 
and 48 months. These findings indicate that 
benign fibrous histiocytomas should be treated 
conservatively, with the aim being to remove 
as much tumor as possible without compromis- 
ing vision. Since the locally aggressive and 
malignant tumors are destructive and poten- 
tially lethal, on the basis of experience with 
their orbital counterparts,’ these lesions should 
be totally excised by local means, and, if neces- 
sary, by more extensive surgery such as enu- 
cleation or exenteration. 

Differential diagnosis—Limbal fibrous histio- 
cytoma should be differentiated from dermoid, 
dermolipoma, neurilemoma, neurofibroma, 
nodular fasciitis, leiomyoma, leiomyosarcoma, 
lipoma, sphingolipidosis, histiocytosis X, pyo- 
genic granuloma, rhabdomyosarcoma, heman- 
giopericytoma, hemangioma, amelanotic mela- 
noma, and lymphoproliferative lesions, with 
the definitive diagnosis frequently determined 
after histopathologic examination of the le- 
sion.**® On comparing conjunctival (including 
limbal) fibrous histiocytomas with their orbital 
counterpart as reported by Font and Hidayat,’ 
the conjunctival tumors generally were diag- 
nosed at a much smaller size and presumably at 
an earlier stage. These findings and the better 
prognosis for survival of patients with the con- 
junctival tumor are most likely the result of the 
conjunctival lesion being located at a site where 
it is readily visualized and thus treated earlier. 
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Treatment of Acquired Nystagmus With Botulinum A 


Toxin 





Eugene M. Helveston, M.D., and Alexander E. Pogrebniak, M.D. 


We injected botulinum A toxin into the ret- 
robulbar space of one eye each in two patients 
who had acquired nystagmus with oscillopsia 
and decreased vision. After injection of 25 
units of botulinum A toxin, visual acuity im- 
proved from 20/80 to 20/30 in one patient, and 
both patients were able to read and watch 
television. Improved vision lasted from five to 
13 weeks. No adverse side effects were ob- 
served after a total of five injections in each 
patient. 


BOTULINUM A TOXIN is injected directly into 
the extraocular muscles for treatment of se- 
lected types of strabismus." It is also injected 
into the orbicularis muscle and facial muscles 
for treatment of blepharospasm and Meige’s 
disease.’ Both of these uses for botulinum A 
toxin offer an alternative to orthoptic, prismat- 
ic, surgical, or medical treatments. We injected 
botulinum A toxin into the retrobulbar space 
for the treatment of vertical, horizontal, and 
rotary pendular nystagmus after brainstem 
stroke producing oscillopsia, a rare but dis- 
abling condition that has no other apparent 
alternative treatment. 





Case Reports 





Case 1 

A 53-year-old woman had bilateral vertical, 
horizontal, and rotary pendular nystagmus, 
which produced oscillopsia with decreased vi- 
sion. She had had a brainstem infarction 18 
months previously that had produced lower 
extremity weakness, restricting her to a wheel- 
chair. Best-corrected visual acuity was R.E.: 
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20/120 and L.E.: 20/160. The patient sought 
relief from the oscillopsia so that she could read 
and watch television. As an initial trial, 3 units 
of botulinum A toxin were injected at the myo- 
neural junction of the four recti muscles of the 
left eye under electromyographic control. The 
patient reported no subjective improvement in 
vision. One month later, she received a retro- 
bulbar injection of 25 units of botulinum A 
toxin delivered through a 25-gauge, 38.1-mm 
needle inserted through the temporal aspect of 
the lower eyelid just inside the orbital rim and 
directed into the intraconal retrobulbar space. 
The patient reported by telephone that she had 
marked improvement in vision starting be- 
tween three and four days posttreatment. She 
noted that she was able to read and watch 
television. 

The nystagmus gradually returned between 
three and six weeks after the injection. During 
this time, the patient noted decreasing vision. 
On examination two months later, the severity 
of her nystagmus had returned to its pre- 
injection level. Retrobulbar injection of 25 units 
of botulinum A toxin was repeated on this 
occasion and at two additional visits, for a total 
of four treatments. After each treatment, the 
patient reported significant improvement in 
her vision. Visual acuity was not confirmed by 
examination because of travel difficulties for 
the patient. 

For additional treatment, the patient was 
referred to an ophthalmologist nearer her 
home. She subsequently received three addi- 
tional injections of 25 units of botulinum A 
toxin in the retrobulbar space of the right eye. 
Preinjection visual acuity was 20/200 in both 
eyes. Postinjection visual acuity was R.E.: 20/60 
and L.E.: 20/200; R.E.: 20/70 and L.E.: 20/200; 
and R.E.: 20/60 and L.E.: 20/200, respectively. 


Case 2 

A 55-year-old woman had bilateral horizon- 
tal, vertical, and rotary nystagmus producing 
oscillopsia. She also had left sixth and seventh 
nerve palsy and corneal scarring of the left eye 
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secondary to eyelid lag and decreased blinking, 
with resulting poor vision of the left eye. She 
had had a left brainstem infarction three years 
earlier (Figure). 

Best-corrected visual acuity was R.E.: 20/80 
and L.E.: 20/800. The patient was unable to 
read or watch television because of the oscil- 
lopsia. After obtaining informed consent, 25 
units of botulinum A toxin were injected into 
the retrobulbar space of the right orbit. Within 
four days, a marked subjective improvement 
was noted by the patient. Using her +5.00- 
diopter reading add spectacles, she was able to 
read the newspaper for the first time since the 
development of her nystagmus. Best-corrected 
visual acuity was R.E.: 20/40 one week after the 
injection; no change was noted in the left eye. 
The nystagmus of the right eye was minimal. 
She has since received three repeat injections, 
given five, 18, and 33 weeks after the initial 
injection. Three weeks after the third injection, 
visual acuity was R.E.: 20/30. No nystagmus 
was observed in the primary position, al- 
though it did develop on attempted version 
movements. Ductions of the right eye were 
moderately reduced. A minimum right upper 
eyelid blepharoptosis was noted during the 
first week after injection. The eyelid returned 
to normal in two weeks. Videotapes obtained 
before and after treatment confirmed dampen- 
ing of the nystagmus. The periodicity of the 
nystagmus was approximately 2 Hz and re- 
mained unchanged after treatment. However, 
the nystagmus amplitude of approximately 20 
to 25 degrees before treatment variably de- 
creased to 6 to 10 degrees after treatment, with 
a corresponding decrease in duction move- 





Figure (Helveston and Pogrebniak). Case 2. Note 
left facial palsy and corneal leukoma in the left eye 
which has had a tarsorrhaphy. 





ments. Electro-oculography was not per- 
formed. 


Discussion 


Both of our patients had intractable oscil- 
lopsia of sufficient duration to suggest that the 
condition would not resolve spontaneously. 
Treatment options for such patients in the past 
have been limited. Optical dampening of the 
oscillopsia with spectacles and contact lenses 
has been suggested.* Surgical treatment of nys- 
tagmus has been mainly limited to congenital 
nystagmus, not acquired nystagmus.* For con- 
genital null-point nystagmus, a Kestenbaum- 
Anderson operation may be used to relieve 
head turn, and the esotropia of nystagmus 
compensation syndrome may be treated with 
bilateral medial rectus muscle recession or 
fadenoperation. We previously treated sympto- 
matic horizontal nystagmus with oscillopsia by 
recessing all four horizontal recti muscles be- 
yond the limits of usual recession with some 
success. This limited success was probably be- 
cause the fundamental contractability of the 
muscles causing the nystagmus was not 
changed, and perhaps because the recessions 
were not large enough. Because of the vertical, 
horizontal, and rotary components of the nys- 
tagmus in these patients, it seemed necessary 
to dampen the effect of all of the recti muscles. 
We did not see a good effect from injection of 
botulinum A toxin directly into all four recti 
muscles, as reported by Crone, de Jong, and 
Notermans. We believe that the patients de- 
scribed here received a beneficial effect from 
retrobulbar botulinum A toxin because it pro- 
duced paresis of all of the extraocular muscles, 
which in turn produced reduced ocular move- 
ment and subjective improvement in the oscil- 
lopsia. 

Both of our patients were offered repeat in- 
jections with the expectation of achieving im- 
provement similar to the previous injection. In 
the first case, the subjective improvement in 
vision had been substantial enough in the pa- 
tient’s mind to warrant repeat injection. It is 
unlikely that the beneficial subjective response 
was solely a placebo effect. In the second pa- 
tient we observed objective improvement in the 
nystagmus and recorded improvement in visu- 
al acuity. 

The primary reason for resorting to the un- 
conventional use of botulinum A toxin was that 
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it allowed these patients who were unable to 
read or watch television before treatment to 
resume these activities in three to four days 
after treatment. In each case, because of gener- 
al physical disability, sedentary activities were 
the principal avenues of diversion and enjoy- 
ment available. The dose of 25 units was se- 
lected because it has been administered repeat- 
edly to patients with benign essential 
blepharospasm without adverse effect. 

No complications occurred after any of the 
nine retrobulbar injections given to our two 
patients. Significant blepharoptosis was not 
produced, perhaps because the intraconal in- 
jection is more likely to spare the levator mus- 
cle than the intramuscular (extraconal) injec- 
tion near the superior rectus muscle or upper 
eyelid. In contrast to retrobulbar anesthesia, 
which causes a transient blepharoptosis, 
botulinum toxin acts on the motor endplates 
and not on the nerve axons. Intravascular injec- 
tions of botulinum toxin should not pose a 
systemic risk, as the dosage is well below the 
amount necessary to cause systemic toxicity 
and the molecule is too large to pass through 
the blood-brain barrier.» The low toxicity of 
botulinum A toxin has been demonstrated by 
unchanged electroretinographic and visual- 
evoked potential responses after intravitreal 
injection in the rabbit."* 

A major disadvantage of retrobulbar botu- 
linum toxin injection is the necessity for repeat 
injections. The visual improvement in our two 
patients lasted from four to 20 weeks before 
vision returned to near preinjection levels. The 
risk of retrobulbar hemorrhage with each injec- 
tion must also be weighed against the thera- 
peutic effects perceived by the patients. We 
believe that retrobulbar injection of botulinum 
A toxin did not differ significantly from injec- 
tion at the myoneural junction; therefore, no 
additional permission for use of the drug was 
sought. Despite these drawbacks, retrobulbar 


botulinum A toxin injection represents a useful 
therapeutic approach to an acquired nystagmus 
that produces disabling reduction in vision. 
This type of treatment to one eye may be 
considered in a patient who demonstrates re- 
duced vision from nystagmus, with vision im- 
proved by stabilizing one eye; understanding 
of the informed consent; no contraindication to 
receiving retrobulbar injection; and a health 
risk ruling out surgical intervention. 


ACKNOWLEDGMENT 
David Mittelman, M.D., provided additional 
information about Patient 1. 





References 





1. Scott, A. B.: Botulinum toxin injection into ex- 
traocular muscles as an alternative to strabismus 
surgery. Ophthalmology 87:1044, 1980. 

2. Scott, A.: Botulinum toxin. Injection of eye 
muscles to correct strabismus. Trans. Am. Ophthal- 
mol. Soc. 79:735, 1981. 

3. Freuh, B., and Musch D.: Treatment of facial 
spasm with botulinum toxin. Ophthalmology 93:917, 
1986. 

4. Rushton, D., and Rushton, R.: An optical meth- 
od for approximate stabilization of vision of the real 
world. Proceedings of the Physiological Society. J. 
Physiol. 20-21, July 1984, p. 337. 

5. Lee, J. P.: Surgical management of nystagmus. 
Eye 2:44, 1988. 

6. Crone, R. A., de Jong, P. J., and Notermans, 
G.: Behandlung des nystagmus durch injektion von 
Botulinustoxin in die augenmuskeln. Klin. Mon- 
atsbl. Augenheilkd. 184:216, 1984. 

7. Wienkers, K., Helveston, E. M., Ellis, F. D., 
and Cadera, W.: Botulinum toxin injection into rab- 
bit vitreous. Ophthalmic Surg. 15:310, 1984. 

8. Hoffman, R. O., Archer, S. M., Zirkelbach, 
S. L., and Helveston, E. M.: The effect of intravitreal 
botulinum toxin on rabbit visual evoked potential. 
Ophthalmic Surg. 18:118, 1987. 


Optic Disk Size in Ischemic Optic Neuropathy 





Ahmad M. Mansour, M.D., David Shoch, M.D., and Sanjay Logani, B.S. 


We measured the horizontal diameter, verti- 
cal diameter, and area of the optic disk in 
fellow eyes of patients with unilateral non- 
arteritic ischemic optic neuropathy and in con- 
trol eyes without ocular disease. The fellow 
eyes of patients with anterior ischemic optic 
neuropathy had a smaller horizontal than ver- 
tical disk diameter (P < .05), a difference not 
present in controls. Both the horizontal disk 
diameter and the disk area were significantly 
smaller in fellow eyes of patients with anterior 
ischemic optic neuropathy than in controls 
(P < .05). There was no statistical difference in 
the vertical disk diameters between the two 
groups. Our findings suggest that a small disk 
area along with a horizontal shortening of the 
scleral canal can lead to crowding of optic 
nerve fibers, predisposing to a circulatory 
compromise of the optic nerve head in non- 
arteritic anterior ischemic optic neuropathy. 


ANTERIOR ISCHEMIC optic neuropathy is an 
acute disorder associated with giant cell arteri- 
tis, migraine, cataract extraction, and various 
vasculitides. In eyes with arteritic anterior is- 
chemic optic neuropathy, the obstruction is at 
the level of the posterior ciliary arteries.'* The 
pathogenesis of nonarteritic anterior ischemic 
optic neuropathy is unclear. Atherosclerotic 
changes of the blood vessels supplying the 
optic nerve head have been implicated, but this 
contention is not supported by results of histo- 
pathologic studies.* In four previous studies 
the fellow eyes of patients with nonarteritic 
ischemic optic neuropathy had significantly 
smaller cup/disk ratios than controls.** Based 
on the finding by Bengtsson’ of a close correla- 
tion between cup/disk ratio and disk diameter, 
Doro and Lessell, who found a small cup/disk 
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ratio in fellow eyes of patients with nonarteritic 
ischemic optic neuropathy, believed that this 
implied a small optic disk diameter. A small 
scleral canal would result in a compact optic 
nerve head, and a tight retrolaminar space 
would predispose to impedance of vascular 
supply to the optic nerve head.*’ To character- 
ize the optic disk structure in nonarteritic is- 
chemic optic neuropathy, we measured the 
horizontal disk diameter, vertical disk diame- 
ter, and disk area in fellow eyes of patients with 
nonarteritic anterior ischemic optic neuropathy 
and in controls without ocular disease. 


Material and Methods 


We measured the horizontal and vertical 
optic disk diameters using a X12 magnification 
loupe with a calibrated reticle giving an error of 
+0.02 mm. The measurements were done di- 
rectly on color fundus photographs (24 x 
36-mm slides) without projection onto a screen. 
All fundus photographs were taken with the 
same Zeiss fundus camera under standard 
magnification. We used the formula of 
Bengtsson and Krakau’ to compute the magnifi- 
cation of the fundus camera taking into account 
the refractive power of the eye (magnification = 
2.43[1 + A x 0.017], where A is the refractive 
power of the eye in diopters, being positive in 
hyperopia and negative in myopia). Nine fel- 
low eyes of nine patients with unilateral non- 
arteritic ischemic optic neuropathy, and 26 
right eyes of 26 control patients (without 
retinovascular disease) were selected from the 
files of the Retina Laboratory at Northwestern 
University. The area of the optic disk was 
calculated according to the formula of an el- 
lipse. 


Results 


The mean age of patients in the control group 
was 63 years (range, 37 to 84 years), and in the 
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anterior ischemic optic neuropathy group, 75 
years (range, 60 to 89 years). Because of the 
disparity in mean ages of the two groups, the 
influence of age on the horizontal and vertical 
disk diameters was studied. There was no cor- 
relation between the horizontal disk diameter 
(Pearson’s product-moment correlation coeffi- 
cient r = .21) or the vertical disk diameter (r = 
-057) and age in the control group (Table 1). The 
absence of correlation between age and disk 
diameters aflowed us to compare the disk diam- 
eters between the control group and the ante- 
rior ischemic optic neuropathy group (Tables 2 
and 3). Even though the two groups were not 
matched for sex, there was no relation between 
sex and disk size in the control group (average 
horizontal and vertical disk diameters were 
2.02 mm and 2.01 mm, respectively, among 
men and 2.04 mm and 2.07 mm, respectively, 


TABLE 1 
OPTIC DISK MEASUREMENTS IN 26 PATIENTS WITH 
NO OCULAR DISEASE 





DISK DIAMETER (mm) 


PATIENT NO., DISK AREA 
AGE (yas), SEX REFRACTION HORIZONTAL VERTICAL (Mmô) 
ar Maa ace Sal aa a ALD ol AA 

1, 53, M +0.5 2.27 2.40 4.28 
2, 73, F 0.0 2.09 1.88 3.09 
3, 76, F —0.5 2.06 2.24 3.62 
4, 52, M +15 1.80 1.82 2.57 
5, 58; F —0.75 1.87 1.90 2.79 
6, 64, F +2.0 2.03 2.23 3.56 
7, 40, M +2.0 2.25 2.18 3.85 
8, 37, F —2.25 1.78 1.94 2.71 
9, 75, F +20 2.00 1.80 2.83 
10, 62, M +0.75 2.25 2.38 4.21 
11, 78, M =15 2.26 2.37 4.21 
12, 67, M —2.75 2.09 1.73 3.62 
13, 45, M +6.5 1.88 1.88 2.78 
14, 81, F +3.5 1.97 2.02 3.13 
15, 66, F +0.5 2.04 1.99 3.19 
16, 83, M =1:0 1.85 1.87 2.72 
17, 38, M =2:75 1.76 1.76 2.43 
18, 61, M +3.25 1.97 1.87 2.89 
19, 75, F +4.75 1.89 1.79 2.66 
20, 52; F +2.0 2.28 2.43 4.35 
21, 78, F HLS 2.08 2.03 3.32 
22, 84, F +0.75 2.33 2.35 4.30 
23, 44, F —0.75 2.69 2.53 5.35 
24, 48,M +1.25 1.82 2.00 2.86 
25, 79, F +15 1.88 1.93 2.85 
26, 71, F +2.75 1.76 2.01 2.78 
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TABLE 2 
OPTIC DISK MEASUREMENTS IN FELLOW EYES OF 
PATIENTS WITH ANTERIOR ISCHEMIC 
OPTIC NEUROPATHY 


SSS 
DISK DIAMETER (mm) 


PATIENT NO., DISK AREA 
AGE (yrs), SEX REFRACTION HORIZONTAL VERTICAL (MM) 
1, 68, M -3.5 1.78 1.89 2.64 
2,81; F +2.0 1.70 1.88 2.51 
3, 82, F 0.0 1.54 1.76 2.13 
4, 60, F +1.0 1.87 2.33 3.42 
5, 89, F +5.0 1.77 1.72 2.39 
6, 64, M +0.75 1.91 2.07 3.11 
7, 69, M +2.75 1.86 2.11 3.08 
8, 80, F +2.0 1.93 2.05 3.11 
9, 82, F +1.5 1.62 1.77 2.25 


e—---__OO————— 


among women). The refractive errors were 
comparable between the two groups, with the 
anterior ischemic optic neuropathy group hav- 
ing a mean of +1.3 (range, +5.0 to —3.5) and 
the control group having a mean of +1.0 
(range, +6.5 to —2.75). 

There was a statistically significant difference 
in the horizontal disk diameter between the 
anterior ischemic optic neuropathy group (1.78 
mm) and the control group (2.04 mm) (Stu- 
dent’s t-test, t = 2.31; P < .05). There was no 
significant difference in the vertical disk diame- 
ter between the two groups (t = 1.12; P < .3). 
The horizontal disk diameter in the anterior 
ischemic optic neuropathy group was signifi- 
cantly smaller than the vertical diameter in the 
same group (t = 2.14; P < .05). There was no 
difference between the horizontal and vertical 
diameters in the control group. The area of the 
optic disk was significantly smaller in the ante- 
rior ischemic optic neuropathy group (mean = 
2.74 mm’) than in controls (mean = 3.34 mm?) 
(t= 2.31; P < .05), 





Discussion 





Accurate fundus measurements were at- 
tempted using the method of interference 
fringe scale.” Approximation of the real size of 
an object on the fundus picture was possible 
using corrective factors for the refractive status 
of the eye.’ Furthermore, reliability of image 
size measurements with the Zeiss fundus cam- 
era has been established." 
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TABLE 3 
OPTIC DISK PARAMETERS IN FELLOW EYES WITH 
ISCHEMIC OPTIC NEUROPATHY AND CONTROLS 


AVERAGE 
DISK DIAMETER (mm) AVERAGE 
—— DSK AREA 
NO. HORIZONTAL VERTICAL (mm?) 
OF EYES (S.D.) (S.D.) (S.D.) 
Fellow eyes of 9 1.78 1.95 2.74 
patients with (0.13) (0.20) (0.45) 
ischemic optic 
neuropathy 
Control eyes 26 2.04 2.05 3.34 


(0.22) (0.24) (0.73) 





Ischemic optic neuropathy is characterized 
by a sudden onset of visual loss with optic 
nerve head swelling and visual field defects 
that are commonly altitudinal in configuration. 
Although nonarteritic ischemic optic neuropa- 
thy is thought to be a primary vascular event, 
its association with either systemic hyperten- 
sion or diabetes mellitus is not well estab- 
lished.” Four studies have demonstrated small- 
er cup/disk ratios in fellow eyes of patients with 
anterior ischemic optic neuropathy than in con- 
trol eyes.*’ Our results showed the horizontal 
diameter and disk area to be significantly small- 
er in fellow eyes of patients with ischemic optic 
neuropathy than in controls. The horizontal 
disk diameter was also significantly smaller 
than the vertical disk diameter in fellow eyes of 
patients with anterior ischemic optic neuropa- 
thy. The anomalous disk configuration in fel- 
low eyes of these patients consists of a small 
cup/disk ratio, a small disk area, and a small 
horizontal disk diameter. A small scleral canal 
size may predispose to crowding of the nerve 
fibers since the volume of the nerve fibers at the 
disk is constant.* This horizontal crowding 
may promote infarction of an already compro- 
mised optic disk circulation. 
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Congenital Idiopathic Microcoria 








Scott R. Lambert, M.D., Luis Amaya, M.D., and David Taylor, F.R.C.S. 


Five infants had congenital unilateral 
microcoria. The red reflex was absent and vi- 
sion was severely reduced in all five eyes 
preoperatively. A pupil was created surgically 
in three of the eyes, resulting in a variable 
improvement in vision. The underlying lens 
was clear in all three children. The origin of 
the pupillary anomaly is unknown, but proba- 
bly is related to remnants of the fetal pupillary 
membrane. Early surgical treatment and vigor- 
ous occlusion therapy can result in useful 
vision. 


CONGENITAL MIOSIS may occur secondary to 
Horner’s syndrome, intrauterine infections, 
developmental anomalies of the iris, or physio- 
logic anisocoria. Horner’s syndrome is associ- 
ated with 1 to 2.5 mm of miosis, blepharopto- 
sis, and sometimes with anhydrosis. When 
congenital, it is frequently idiopathic, although 
it may occur secondary to trauma at birth.!? 
Intrauterine infections may also result in the 
development of posterior synechiae and mio- 
sis. The lens is frequently cataractous and there 
may be an associated chorioretinitis. Persistent 
pupillary membranes are the most common 
developmental anomaly of the iris. They origi- 
nate from remnants of the tunica vasculosa 
lentis, which encircles the lens during early 
fetal development. Between the seventh gesta- 
tional month and full term the tunica vasculosa 
lentis regresses,* and occasionally remnants 
persist as diaphanous strands bridging the 
pupil or thicker strands adherent to an opacity 
on the anterior lens capsule. Persistent pupil- 
lary membranes rarely have an adverse affect 
on visual acuity.‘ Congenital microcoria may 
also occur secondary to an absence or underde- 
velopment of the iris dilator muscle.* Eyes lack- 
ing the iris dilator muscle usually have pupils 
0.5 to 1.5 mm in diameter and react poorly to 
light. Congenital absence of the iris dilator 
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muscle is usually bilateral and associated with 
normal vision unless a cataract is present.* It is 
frequently inherited as an autosomal dominant 
trait.’ 

We examined five children with congenital 
idiopathic microcoria. All had severe amblyo- 
pia and an absent red reflex before treatment. 
The condition was unilateral and nonfamilial in 
each case. 





Case Reports 





Case 1 

This boy was referred to our institution at 15 
months of age. He was the product of a normal 
pregnancy and delivery. At birth he was noted 
to have a thick white strand across the inferior 
third of the left pupil. This strand gradually 
contracted, resulting in the loss of the inferior 
third of the pupil after several months. Topical 
1% atropine failed to arrest the progression of 
the miosis and at 1 year of age the red reflex 
was lost in the eye. 

When examined at 15 months of age his 
vision was central, steady, and maintained in 
the right eye, but only light perception in the 
left eye. The right pupil was 4 mm in diameter 
and reacted normally to light. The left pupil 
was displaced superotemporally and was 
markedly miotic and largely covered by a band 
of white fibrous-appearing material (Fig. 1). A 
red reflex could not be obtained. The anterior 
segments of both eyes were otherwise normal 
and the fundus of the right eye was normal. 
The patient underwent a left pupilloplasty. A 
bent 25-gauge needle was used for irrigation 
and to lift the pupil away from the underlying 
lens. The white fibrous material and a portion 
of the iris sphincter muscle were then excised 
with a vitreous cutting instrument (Fig. 2). The 
underlying lens was clear and the fundus was 
normal. 

Full-time occlusion therapy of the right eye 
was begun immediately. The child is now 24 
months of age and has a visual acuity of 10 
cycles/degree in the right eye and 4 cycles/ 
degree in the left eye (forced preferential look- 
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Fig. 1 (Lambert, Amaya, and Taylor). Left eye of 
Patient 1 at 15 months of age. A band of fibrous tissue 
extends across the pupil. The red reflex is absent. 


ing using Teller cards). The refractive error in 
the right eye is plano +0.50 x 90 and —2.75 in 
the left eye. The right eye is currently being 
patched five hours each day. The left pupil is 
now 2.5 x 1.5 mm in diameter and slightly 
displaced superiorly. The child’s general devel- 
opment has been normal. 


Case 2 

This girl was first examined at our institution 
at 3 months of age. The mother’s pregnancy 
and delivery were normal. The parents noted 
miosis of the right pupil at birth. 

On examination, the child’s vision was cen- 
tral, steady, and maintained in the left eye, but 


Fig. 2 (Lambert, Amaya, and Taylor). Right eye of 
Patient 2 undergoing a pupilloplasty. A 27-gauge 
needle with a bent tip is being used for infusion. A 
vitreous cutting instrument has been introduced 
through a small opening created in the pupil with the 
bent needle. 


only light perception in the right eye. The left 
pupil was 4 mm in diameter and reacted nor- 
mally to light. The right pupil was 0.5 mm in 
diameter and had a white, fibrous strand along 
its inferior margin. A pupilloplasty was per- 
formed. Initially, two blunt instruments were 
inserted through the pupil and an attempt was 
made to dilate the pupil mechanically. When 
this proved to be ineffective, the fibrous- 
appearing tissue along the inferior margin of 
the pupil and a portion of the iris spincter 
muscle were excised with a vitreous cutting 
instrument. The underlying lens was clear and 
the fundi of both eyes were normal. Postopera- 
tively the pupil was 1.5 mm in diameter but did 
not react to light or cyeloplegic agents (Fig. 3). 
Occlusion therapy of the left eye was carried 
out for one hour a day until the child was 3 
years of age. A right esotropia developed dur- 
ing the first year of life and was corrected 
surgically at 3 years of age. 

When last examined at 6 years of age visual 
acuity was R.E.: 20/200 and L.E.: 20/20. The 
right pupil was 1.5 mm in diameter and unre- 
sponsive to light. Both lenses were clear. The 
refractive error was L.E.: +2.00 +0.50 x 90 and 
R.E.: —0.75 +2.25 x 90. The child’s general 
development has been normal. 


Case 3 

This boy was first examined at our institution 
at 5 years of age. He was delivered eight weeks 
prematurely and received supplementary oxy- 
gen for two days after delivery. His birth 





å 


eo 7 


Fig. 3 (Lambert, Amaya, and Taylor). Right eye of 
Patient 2 after a pupilloplasty. Despite the excision of 
fibrous tissue along the margins of the pupil and a 
portion of the iris sphincter muscle, additional mio- 
sis occurred postoperatively. 
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weight was 2,500 g. At birth, his parents noted 
that the right pupil was absent. 

At 2 months of age he was examined by a 
local ophthalmologist who noted that the iris 
was pulled superiorly, the anterior chamber 
was shallow, and the pupil was absent in the 
right eye. The anterior segment of the left eye 
was normal. At 3 months of age he underwent 
two peripheral iridectomies at a local hospital, 
the largest of which extended across the visual 
axis. The underlying lens was clear and the 
vitreous and fundus were normal. His left eye 
was then patched for 30 minutes a day for one 
year. At 15 months of age, he was found to be 
severely myopic in the right eye and a contact 
lens was prescribed. 

When examined at our institution at 5 years 
of age, his visual acuity was R.E.: 10/200 and 
L.E.: 20/16. The refractive error was R.E.: —10.0 
+1.00 x 90 and L.E.: —2.00 +0.75 x 90. A large 
central iridectomy and a smaller peripheral 
iridectomy were present in the right iris (Fig. 
4). The left iris was 4 mm in diameter and had a 
normal response to light. No persistent pupil- 
lary membranes were seen in the right eye. 
Both lenses were clear and the fundi were 
normal. His general development has been 
normal. 


Case 4 

This boy was first examined by one of us 
(D.T.) at 13 months of age. The parents noted 
miosis of the right pupil at birth. The mother’s 
pregnancy was carried to full term and the 
child’s general development has been normal. 
There was no family history of pupillary abnor- 
malities. 

On examination, vision was central, steady, 
and maintained in the left eye, but only light 


Fig. 4 (Lambert, Amaya, and Taylor). Patient 3 at 5 
years of age. An optical iridectomy is present in the 
right eye and the iris is retracted superiorly. The left 
pupil is normal. 





perception in the right eye. The left pupil was 3 
mm in diameter and reacted normally to light. 
The right pupil was markedly miotic and dis- 
placed temporally (Fig. 5). A band of white 
tissue extended across the pupil and a red 
reflex could not be obtained. The anterior seg- 
ment of each eye was otherwise normal. The 
left eye had‘a refractive error of +2.75 +1.0 x 
180 and a normal fundus. The posterior seg- 
ment and lens of the right eye appeared normal 
by ultrasonography. No surgery has been per- 
formed yet. 


Case 5 

This boy was first examined by one of us 
(D.T.) at 13 months of age. The right pupil was 
noted to be miotic at birth. The mother’s preg- 
nancy was carried to full term and the child’s 
general development has been normal. 

On examination, vision was central, steady, 
and maintained in the left eye, but only light 
perception in the right eye. The left pupil was 3 
mm in diameter and reacted normally to light. 
The right pupil was markedly miotic and dis- 
placed nasally. A red reflex could not be ob- 
tained in the right eye (Fig. 6). The right ante- 
rior chamber was shallow. The left anterior 
segment and fundus were normal. The posteri- 
or segment of the right eye appeared normal by 
ultrasonography. A peripheral iridectomy was 
performed on the right eye with deepening of 
the anterior chamber postoperatively. 





Discussion 


In each of these five children with congenital 
unilateral microcoria, white fibrous material 








Fig. 5 (Lambert, Amaya, and Taylor). Right pupil 
of Patient 5 at 13 months of age. A fibrous band 
extends across the pupil. The red reflex is absent. 
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Fig. 6 (Lambert, Amaya, and Taylor). Nasally 
drawn right pupil of Patient 6 at 13 months of age. 
The red reflex is absent. 


was present along the pupillary margin of the 
miotic pupils and four of the five pupils were 
displaced eccentrically. The underlying lenses 
were uninvolved and clear in four of the five 
eyes. The fifth eye had a normal lens on ultra- 
sonography, but has not had an iridectomy. 
None of the eyes had evidence of iris bombé or 
increased intraocular pressure. All of the con- 
tralateral eyes were normal. The three affected 
eyes that could be refracted were myopic 
(Table). Raviola and Wiesel’ reported that mon- 
keys develop axial myopia if their eyes are 
occluded during the neonatal period. Axial my- 
opia has also been reported to develop in 
human neonates after unilateral occlusion or 
visual blurring secondary to congenital cata- 
racts, hemangiomas, and blepharoptosis.*" 


The origin of the pupillary anomaly in the 
children in our series is unclear. There was no 
evidence of an intrauterine infection or an in- 
flammatory process in any of these eyes. Un- 
like reported cases of a congenital absence or 
underdevelopment of the iris dilator muscle, 
the anomaly was unilateral, associated with a 
marked reduction in visual acuity, and sporad- 
ic in all of the children in our study. The degree 
of miosis was more marked than that seen with 
Horner’s syndrome or physiologic anisocoria. 
The anomaly probably occurs secondary to con- 
tracture of fibrous material on the margin of the 
pupil. Patient 1 had progressive constriction of 
his left pupil during the first year of life, where- 
as the other four patients had severe miosis at 
birth. This fibrous material may originate from 
remnants of the tunica vasculosa lentis or 
anomalous neural crest cells. While pupillary 
membranes sometimes adhere to an anterior 
lenticular opacity, the underlying lens was un- 
involved in all of our patients. 

The children in our series were treated quite 
differently. Patient 1 had a pupilloplasty per- 
formed on his left eye three months after he 
lost his red reflex. He had the best visual result 
of any of the patients in our series, perhaps 
because of the later onset of his miosis and the 
vigorous postoperative occlusion therapy. In 
Patient 2 a pupil was created surgically with a 
vitreous cutting instrument at 3 months of age. 
She subsequently developed myopia and am- 
blyopia in this eye, probably as a result of the 
combined effects of three months of severe 
form deprivation and inadequate postoperative 
occlusion therapy. Her unaffected eye was only 


TABLE 
PATIENT DATA 
eS 
AGE RED ISE AGE AT LAST igual ACUITY* REFRACTIVE ERROR 
PATIENT REFLEX TREATMENT SURGICAL OCCLUSION FOLLOW-UP ————_- 
NO. LOST INITIATED (mos) TREATMENT THERAPY VISIT R.E. LE. R.E. LE. 
1 12 mos 16 Left pupilloplasty R.E. full-time 2 yrs 10 cy/deg 4 cy/deg Plano +0.50 -2.75 
x 2 mos then 5 x 90 
hours daily 
2 Birth 3 Right pupilloplasty L.E. 1 hr daily 6 yrs 20/200 20/20 —0.75 +2.25 +2.00 +0.50 
x 3 yrs x 90 x 90 
3 Birth 3 Right optical L.E. 1/2 hr daily 5 yrs 10/200 20/16 —10.00 +1.00 —2.00 +0.75 
iridectomy x 1yr x 90 x 90 
4 Birth No treatment No treatment None 13 mos LP CSM — +2.75 +1.00 
x 180 
5 Birth 13 Right peripheral None 14 mos LP CSM — +2.75 


iridectomy 


i 


*LP, light perception; CSM, central, steady, and maintained. Visual acuity measured in Patient 1 using Teller cards with forced 


preferential looking. 
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patched for one hour each day for three years. 
In Patient 3, an optical iridectomy was created 
surgically at 3 months of age. His postoperative 
occlusion therapy was also inadequate and he 
is now severely myopic and amblyopic in the 
affected eye. 

We did not examine Patients 4 and 5 until 
they were older. Since both patients were al- 
most certainly severely amblyopic in their af- 
fected eyes by this age, a pupilloplasty was not 
performed. 

We believe that congenital unilateral micro- 
coria should be treated with the same urgency 
as dense monocular cataracts." Dilation of 
the pupil with a cycloplegic agent should be 
attempted initially. If this is ineffective and the 
red reflex is absent, a pupil should be created 
surgically. Vigorous optical and occlusion ther- 
apy should then be initiated to treat the ambly- 
opia that is invariably present."* We recom- 
mend occlusion of the unoperated on eye for 
half of the waking day. If a red reflex is present 
as in Patient 1, the patient should be closely 
monitored until the red reflex is lost or amblyo- 
pia develops. An optical pupilloplasty should 
then be performed immediately. 

A pupilloplasty can easily be performed in a 
patient with congenital microcoria using a vit- 
reous cutting instrument to remove the fibrous 
material along the margins of the pupil and a 
portion of the iris sphincter muscle. The instru- 
ment can be introduced through the miotic 
pupil in some instances, as we did in Case 1, or 
it can be inserted into the posterior chamber 
through a peripheral iridectomy after entering 
the anterior chamber through a limbal incision. 
With the entry port facing away from the lens, 
the instrument can be advanced to the optical 
axis of the eye and a pupilloplasty can then be 
created without injuring the crystalline lens. A 
large pupil (4 to 5 mm in diameter) should be 
created during the initial surgery because the 
new pupil may decrease in size during the 
immediate postoperative period. Blunt dilation 
of the pupil proved to be ineffective in Patient 
3. Although an optical iridectomy can be used 
to create a pupil as in Patient 2, we believe a 


better cosmetic effect is achieved with a pupil- 
loplasty. 
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Pleomorphic Adenocarcinoma of Ciliary Epithelium 


Simulating an Epibulbar Tumor 





Merlyn Rodrigues, M.D., Ahmed Hidayat, M.D., and James Karesh, M.D. 


A 72-year-old woman had epibulbar nodules 
and a blind eye following trauma in child- 
hood. Histologic examination disclosed a ple- 
omorphic adenocarcinoma of ciliary epitheli- 
um with invasion of the epibulbar region, 
retina, retinal pigment epithelium, and optic 
nerve. The diagnosis was confirmed by histo- 
chemical stains and electron microscopy. The 
pigmented and nonpigmented neoplastic cells 
of the ciliary epithelium had a patchy base- 
ment membrane around the cell membrane 
and produced hyaluronic acid in the stroma. 


ADENOCARCINOMA Of the ciliary epithelium, 
a rare lesion, has been documented only by 
light microscopy.’ Using light and electron 
microscopy and immunocytochemistry, we 
studied an unusual epibulbar clinical appear- 
ance and rapid progression of this tumor, with 
intraocular involvement as well as invasion of 
the optic nerve. 





Case Report 





Over a two-month period this 72-year-old 
woman was noted to develop two rapidly en- 
larging, painless, fleshy, vascularized, epi- 
bulbar perilimbal masses involving the left eye 
(Fig. 1). During the previous ten years she had 
been closely followed up for chronic open- 
angle glaucoma of the right eye and sequelae of 
severe childhood trauma to the left eye. At the 
beginning of this period, visual acuity was 
L.E.: counting fingers eccentrically at 2 feet. 
There was opacification of the inferior cornea, 
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subluxation of the lens, rubeosis iridis, and a 
traction detachment of the inferior retina. Over 
the next several years, her visual acuity deteri- 
orated to no light perception with the develop- 
ment of a large hyphema, a pupillary mem- 
brane, and extensive synechiae. Ultrasound 
examination five years before her most recent 
examination demonstrated a total retinal de- 
tachment and vitreous hemorrhage. Continued 
deterioration of the left eye resulted in com- 
plete corneal opacification and thickening as 
well as obliteration of the anterior chamber 
with a golden-yellow exudate-like material. 

When the perilimbal nonpigmented epi- 
bulbar masses were first observed, they each 
measured 2 x 1 x 0.5 cm and appeared to 
originate from the conjunctiva. They were as- 
sociated with large, dilated, feeding vessels 
and were firmly attached to the underlying 
sclera. While the two masses appeared to be 
separate, the intervening conjunctiva was 
moderately thickened and injected. Ultrasound 
examination demonstrated total disorganiza- 
tion of the intraocular contents. Results of bi- 
opsy of each tumor were initially considered to 
be consistent with an anaplastic conjunctival 
squamous cell carcinoma. Enucleation of the 
left globe was performed with extensive con- 
junctival resection and meticulous frozen sec- 
tion examination of the remaining conjunctiva. 
The anophthalmic defect was reconstructed 
with a dermis-fat graft. At the time of surgery, 
examination of the globe showed a small flesh- 
colored mass measuring 3 x 2 mm, firmly 
attached to the sclera adjacent to the optic 
nerve. Because of the patient’s age and reluc- 
tance to undergo further surgery, several orbit- 
al surgeons were consulted; the consensus was 
to restrict long-term follow-up to frequent oph- 
thalmologic and radiologic examinations. 

Gross examination—There were two irregular 
flesh-colored nodules in the epibulbar area, the 
larger measuring 10 x 9 mm. Behind the calci- 
fied lens there was a large white to black ciliary 
body mass that filled the vitreous cavity and 
posterior chamber with extension to the cho- 
roid, retina, and optic nerve (Fig. 2). 
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Fig. 1 (Rodrigues, Hidayat, and Karesh). Two 
epibulbar masses in the inferior perilimbal region. 


Microscopic examination—The epibulbar por- 
tion of the neoplasm appeared as an extraocu- 
lar extension of a much larger intraocular mass, 
with continuity of both portions at the corneo- 
scleral limbus. The epibulbar portion of the 
tumor, although located in the substantia 
propria of conjunctiva, was not continuous 
with the overlying epithelium. In the epibulbar 
area, the tumor was composed of nonpigment- 
ed sheets of malignant cells, with hyperchro- 
matic pleomorphic nuclei, small nucleoli, and 
eosinophilic cytoplasm. In many areas, PAS- 
positive, thin linear basement membrane-like 
material partially surrounded the tumor cells. 
Many mitotic figures were noted (more than 20 
per 10 high power fields) (Fig. 3). 

The large intraocular portion of the tumor 
was located in the ciliary body, posterior cham- 
ber, and vitreous cavity, with invasion of the 
retina, pigment epithelium, choroid, sclera, 
episclera, and optic nerve. In contrast to the 
epibulbar area, the intraocular portion showed 
a variety of pigmented and nonpigmented 
cells. The pigmented areas were mostly necrot- 
ic except at the optic nerve where the pigment- 
ed cells appeared viable, arranged in a tubular 
pattern, with PAS-positive basement mem- 
brane-like material outside the base of the 
tumor cells (Fig. 4). Some nonpigmented intra- 
ocular tumor cells were similar to those in the 
epibulbar portion, whereas others had pale to 
clear cytoplasm containing neither glycogen 
nor mucinous material and most likely showing 
hydropic degeneration (Fig. 5). The stroma be- 
tween the tumor cells contained Alcian blue- 
positive mucinous material that was sensitive 
to hyaluronidase digestion (Fig. 6). Immuno- 
histochemical studies showed no evidence of 





Fig. 2 (Rodrigues, Hidayat, and Karesh). Gross 
photograph of the sectioned globe showing a large, 
white to dark brown tumor behind the lens (L) that 
has filled and replaced most of the intraocular con- 
tents. There is an anterior epibulbar nonpigmented 
extension of the neoplasm (asterisk) and a partly 
pigmented lesion invading the optic nerve (arrow). 


cytokeratin using indirect peroxidase staining. 
The remainder of the ocular structures showed 
vascularization and scarring of the cornea, ne- 
crotic iris, calcified lens, and posterior intraoc- 
ular ossification. The resected margin of the 
optic nerve was free of tumor cells. 

Electron microscopic studies of the formalin- 
fixed intraocular and epibulbar portions of the 
neoplasm disclosed necrotic and degenerating 
pigmented tumor cells. The nonpigmented 
tumor cells had few cytoplasmic organelles and 
were partially surrounded by a thick basement 
membrane that was either homogeneous, fila- 
mentous, or multilaminar (Figs. 7 and 8). Junc- 
tional complexes of the zonula occludens type 
were observed (Fig. 8). 
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Fig. 3 (Rodrigues, Hidayat, and Karesh). The 
epibulbar portion of the tumor discloses sheets of 
malignant cells with hyperchromatic pleomorphic 
nuclei and small nucleoli. In many areas, PAS- 
positive, thin linear, basement membrane-like mate- 
rial partially surrounds the tumor cells (periodic 
acid-Schiff, x 250). 


Discussion 


One unusual aspect of this tumor was its 
initial clinical appearance as epibulbar nodules 
that simulated nonpigmented, poorly differen- 
tiated squamous carcinoma of the conjunctiva. 
However, clinically this tumor lacked the pear- 





Fig. 5 (Rodrigues, Hidayat, and Karesh). Some 
intraocular tumor cells near the ciliary body have 
pale to clear cytoplasm. Other pigmented tumor cells 
contain melanin. The stroma is hyalinized and occa- 
sional linear PAS-positive, basement membrane-like 
material is present (periodic acid-Schiff, x 160). 


Fig. 4 (Rodrigues, Hidayat, and Karesh). The pig- 
mented portion of the tumor has invaded the optic 
nerve, showing a tubular pattern with PAS-positive, 
basement membrane-like material adjacent to the 
base of tumor cells (periodic acid-Schiff, x 250). 


ly white color that is typical of keratinized 
squamous carcinoma. Another unusual feature 
was the optic nerve invasion. The ciliary epi- 
thelial origin of the neoplasm was demonstrat- 
ed by its arrangement in sheets, tubules, and 
cords surrounded by PAS-positive basement 
membrane-like material. The thick, patchy, 
sometimes multilaminar basement membrane 
was confirmed by electron microscopy. The 
pleomorphic nature of this tumor was demon- 
strated by atypical proliferation of different 





Fig. 6 (Rodrigues, Hidayat, and Karesh). The stro- 
ma between the tumor cells contains blue staining 
mucinous material sensitive to hyaluronidase diges- 
tion (Alcian blue, x 125). 
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Fig. 7 (Rodrigues, Hidayat, and Karesh). Tumor cells are partially surrounded by a thick basement membrane 
(BM) that occasionally appears multilaminar (MLBM) (transmission electron micrograph, x 20,000). 


cellular components that included nonpig- 
mented and pigmented cells, confirming its 
origin from pigmented and nonpigmented cili- 
ary epithelium. The tumor involved the ciliary 
body as well as the retinal pigment epithelium, 
retina, optic nerve, and choroid. The extracel- 
lular matrix showed a hyaluronidase-sensitive, 
Alcian blue-positive mucopolysaccharide simi- 
lar to that observed in benign tumors of ciliary 
epithelium.** Secretion of hyaluronic acid by 
cysts and tumors of the ciliary epithelium has 
been described by Zimmerman and Fine.** 
The tumor in the present study was com- 
posed of pleomorphic cells with abundant cyto- 
plasm and hyperchromatic nuclei with promi- 
nent nucleoli. Our case differed from the one 
reported by Jakobiec and associates’ by its 


greater pleomorphism with epibulbar as well as 
optic nerve invasion. Additionally, hyaluronic 
acid, one of the substances synthesized in the 
present tumor, was absent in the tumor de- 
scribed by Jakobiec and coworkers. Further- 
more, unlike their case, we found no evidence 
of intracytoplasmic mucin. In the study by 
Croxatto and Zimmerman,’ more poorly differ- 
entiated tumors occurred in eyes with previous 
chronic inflammation or trauma, as in our pa- 
tient. It is uncertain whether the neoplastic 
invasion of retinal pigment epithelium could 
have occurred either as direct extension from 
the ciliary epithelial tumor or as a neoplastic 
involvement of the retinal pigment epithelium 
with optic nerve invasion. 

The differential diagnosis includes malignant 
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Fig. 8 (Rodrigues, Hidayat, and Karesh). Junctional complexes (zonula occludens) are present between the 
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tumor cells (arrow) which are partially surrounded by a thick, filamentous basement membrane (transmission 


electron micrograph, x 36,000). 


melanoma with epibulbar extension and malig- 
nant medulloepithelioma of the ciliary body. 
Malignant melanoma is characterized by atypi- 
cal uveal melanocytic proliferation that can be 
distinguished from adenocarcinoma of the cili- 
ary epithelium by cytologic and histochemical 
criteria. Medulloepithelioma of the ciliary body 
is usually congenital, with cystic or teratoid 
elements, unlike the present tumor, which ap- 
peared to be acquired. 

The prognosis of adenocarcinoma of the cili- 
ary epithelium has been described in a limited 
number of cases by Croxatto and Zimmerman." 


Eight of their 16 patients were alive and well 
after five years of follow-up; five other patients 
died from metastastic disease or tumor exten- 
sion into the central nervous system. Our pa- 
tient is being carefully monitored for possible 
metastases. 
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OPHTHALMIC MINIATURE 


It is at such moments I 

am called, in a voice so pure 

I have to close my eyes, and enter 
the breathing darkness just beyond 
my headlights. I have come back, 
I think, to something I had 
almost forgotten, a mouth 

that waits patiently, sighs, speaks 
and falls silent. No one else 

is alive. The blossoms are 

white, and I am almost there. 


Robert Mezey, “White Blossoms” 








Diffuse Uveal Melanoma in a 5-Year-Old Child 


Pearl S. Rosenbaum, M.D., Milton Boniuk, M.D., and Ramon L. Font, M.D. 


A 5-year-old white boy developed a gray-tan 
discoloration with nodular thickening of the 
iris stroma in his left eye six weeks earlier. 
Ophthalmologic examination demonstrated 
keratic precipitates, peripheral anterior syne- 
chiae, and several pale-tan choroidal infil- 
trates in the involved eye. Cytologic examina- 
tion of the aqueous humor and results of iris 
biopsy were interpreted as malignant melano- 
ma of the iris, predominantly of the epitheli- 
oid cell type. The globe was enucleated one 
week later. Histopathologic examination dis- 
closed a diffuse malignant melanoma of the 
uvea, mixed cell type, with multiple cysts of 
the ciliary epithelium. Study by electron mi- 
croscopy indicated bizarre neoplastic melano- 
cytes containing numerous immature melano- 
somes in various stages of melanogenesis, as 
well as fully melanized mature melanosomes. 
Eight months after enucleation the patient de- 
veloped metastasis to the nasopharynx and 
base of the skull. 


DIFFUSE OR FLAT malignant melanoma of the 
uvea is rare. Ina review of 6,358 uveal melano- 
mas in the Registry of Ophthalmic Pathology at 
the Armed Forces Institute of Pathology, Barr, 
McLean, and Zimmerman’ found only 101 
(1.6%) in patients less than 20 years of age. 
Sufficient clinical and pathologic data were 
available on 78 of the 101 patients, and none 
showed diffuse uveal involvement. Reese 
and Howard? and Font, Spaulding, and 
Zimmerman’ showed that 4.5% and 5%, respec- 
tively, of all uveal melanomas were of the 
diffuse type. 

There is often a delay in the diagnosis and 
treatment of these tumors as they are generally 
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not included in the clinical differential diagno- 
sis. Reese and Howard? noted a delay in diag- 
nosis ranging from two months to nine years in 
17 of 28 patients with diffuse uveal melanomas. 
This, coupled with the tendency for extraocular 
extension to occur early,?* accounts: for the 
generally poor prognosis for patients with this 
lesion. 


Case Report 


A 5-year-old white, blue-eyed boy was re- 
ferred in August 1987 for the management of an 
iris abnormality of the left eye. Six weeks earli- 
er, the child’s mother had noted that the tem- 
poral portion of his left iris was darker blue 
than usual, and the boy complained of blurred 
vision in this eye. His ocular history included 
excision of a dermoid cyst from the superotem- 
poral aspect of the left orbit at 6 months of age. 
The operation was performed elsewhere and 
the diagnosis was not confirmed histopatholog- 
ically by us. The patient’s natural father was 
homosexual and abused drugs; the boy lived 
with his mother and stepfather. 

Best-corrected visual acuity was R.E.: 20/20 
with +1.00 +0.50 x 148 and L.E.: 20/20—2 with 
—1.50 +0.25 x 143. Intraocular tension by ap- 
planation tonometry was R.E.: 16 mm Hg and 
L.E.: 30 mm Hg. Results of slit-lamp examina- 
tion of the right eye were unremarkable. The 
left eye showed keratic precipitates on the infe- 
rior portion of the cornea. The temporal iris 
stroma appeared thickened and blue-gray (Fig. 
1); the nasal peripheral iris contained several 
slightly elevated gray-tan nodules. Gonioscopy 
showed thickening of the peripheral iris stroma 
superonasally as well as scattered peripheral 
anterior synechiae. The lenses were clear. The 
left globe transilluminated evenly. The vitreous 
was Clear in both eyes. Indirect ophthalmosco- 
py demonstrated a cup/disk ratio of 0.2 and 
retinal pigment epithelial mottling in the mid- 
periphery of the right eye. A cup/disk ratio of 
0.4 and multiple pale-tan choroidal infiltrates 
ranging from 1 to 2 disk diameters were ob- 
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Fig. 1 (Rosenbaum, Boniuk, and Font). The left eye 
shows mild conjunctival injection as well as hyper- 
pigmentation of the peripheral iris and generalized 
effacement of the iris crypt structure. The right eye 
was normal. 


served in the peripapillary region and along 
the inferotemporal arcade of the left fundus. 
Results of a complete clinical and roentgeno- 
graphic examination showed no evidence of 
metastatic disease, and results of serum pro- 
tein electrophoresis, rapid plasma reagin- 
microhemagglutination inhibition for Trepone- 
ma pallidum, and serologic studies for rubella, 
Toxoplasma, hepatitis, and HIV were negative. 
The differential diagnosis included diffuse mel- 
anoma of the iris, medulloepithelioma, juve- 
nile xanthogranuloma, and a metastatic neo- 
plasm. 

A diagnostic sector iridectomy from the nasal 
portion of the iris was performed and aqueous 
humor was removed for cytologic examination. 
Multiple cysts of the ciliary body were ob- 
served posterior to the iridectomy site. Cyto- 
logic examination of clear aqueous fluid 
showed clusters of malignant cells suggestive 
of epithelioid malignant melanoma cells. Histo- 
pathologic examination of the iridectomy speci- 
men disclosed a diffuse infiltrate of predomi- 
nantly large epithelioid malignant melanoma 
cells, intermixed with spindle-shaped cells, dif- 
fusely infiltrating the iris stroma. Fontana- 
Masson and S-100 protein stains of the iridecto- 
my specimen demonstrated a small amount of 
melanin pigment within the cytoplasm of some 


November, 1988 







Fig. 2 (Rosenbaum, Boniuk, and Font). Gross ap- 
pearance of the enucleated left eye. Top, View of 
anterior segment depicting diffuse thickening of the 
ciliary body on both sides as well as slight thickening 
and irregularity of the iris stroma. Numerous cysts of 
the pars plicata are clearly seen nasally (arrow). 
Bottom, View of posterior segment showing diffuse 
thickening (up to 2 mm) of the choroid with scat- 
tered, mottled, tan-brown areas of pigmentation. 


of the neoplastic cells. A histopathologic diag- 
nosis of diffuse malignant melanoma of the iris, 
predominantly of the epithelioid cell type, was 
made. The eye was enucleated one week later. 

Macroscopically, the firm left globe mea- 
sured 22 x 22.5 x 22.5 mm and had 2.0 mm of 
optic nerve attached. The clear cornea mea- 
sured 11.5 x 10.5 mm. The iris was blue and a 
coloboma at the iridectomy site was present 
nasally between the 8 and 10:30 o’clock meridi- 
ans. No shadows were seen on transillumina- 
tion of the globe, which was sectioned horizon- 
tally. The anterior chamber was shallow and 
peripheral anterior synechiae were observed. 
Multiple cysts of the pars plicata, filled with 
semitranslucent material, were noted. The cili- 
ary body on both sides and the entire choroid 
were tan-brown and the choroid was diffusely 
thickened, measuring up to 2 mm (Fig. 2). The 
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Fig. 3 (Rosenbaum, Boniuk, and Font). High- 
power view of the ciliary body disclosing bizarre 
multinucleated epithelioid melanoma cells inter- 
mixed with spindle-shaped cells and scattered mono- 
nuclear cells (hematoxylin and eosin, X 180). 


vitreous was clear and the retina was attached. 
The optic disk was flat, with a cup/disk ratio of 
0.4. 

Microscopically, a diffuse infiltrate of neo- 
plastic cells containing hyperchromatic, pleo- 
morphic nuclei and prominent red-purple nu- 
cleoli were seen throughout the iris, chamber 
angle structures (including Schlemm’s canal), 
and ciliary body (Fig. 3). Several of the tumor 
cells contained intracytoplasmic melanin gran- 
ules. Numerous cysts lined by pigmented and 
nonpigmented ciliary epithelium and contain- 
ing proteinaceous material were seen (Fig. 4). 
Alcian blue stains failed to demonstrate muco- 
polysaccharides within the cysts. Nasally, the 
choroid contained foci of tumor cells inter- 
mixed with scattered lymphoplasmacytic infil- 
trates, whereas the choroid temporally was 
diffusely infiltrated by melanoma cells that ex- 
hibited epithelioid features and scattered bi- 
zarre multinucleated cells (Fig. 5). Mild to mod- 
erate mitotic activity was noted. Extensive 
gliosis of the retina was observed. No evidence 
of intrascleral or intravascular invasion was 
present. The histopathologic diagnosis was dif- 
fuse malignant melanoma of the uvea, mixed 
cell type, with multiple cysts of the ciliary 
epithelium. Electron microscopy showed bi- 
zarre neoplastic melanocytes containing nu- 





Fig. 4 (Rosenbaum, Boniuk, and Font). Multiple 
cysts of the pigmented and nonpigmented ciliary 
epithelium of the pars plicata containing proteina- 
ceous material. A cellular tumor diffusely infiltrates 
the iris stroma and ciliary processes (hematoxylin 
and eosin, X 30). 


merous melanosomes and premelanosomes in 
various stages of melanogenesis (Figs. 6 and 7). 

Eight months after enucleation, the patient 
developed headaches, nausea, and vomiting. 





Fig. 5 (Rosenbaum, Boniuk, and Font). The cho- 
roid is diffusely thickened and contains an admixture 
of epithelioid and spindle-shaped melanoma cells. 
Bizarre multinucleated tumor cells are occasionally 
observed (arrows). A moderate lymphoplasmacytic 
cell infiltrate is scattered throughout. The chorioca- 
pillaris is focally obliterated. The retinal pigment 
epithelium is intact (hematoxylin and eosin, X 115). 
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Fig. 6 (Rosenbaum, Boniuk, and Font). Electron micrograph showing melanoma cells with irregular, 
convoluted nuclei. The cytoplasm contains scattered mitochondria, short dilated profiles of rough-surfaced 
endoplasmic reticulum, and numerous melanosomes (*9,200). Inset depicts a premelanosome (asterisk) 


(36,400). 


Computed tomography disclosed a large mass 
involving the base of the skull, and destroying 
the floor of the middle cranial fossa and the 
sphenoidal and posterior ethmoidal sinuses, 
with extension to the cavernous sinuses. Biop- 
sy of the mass showed a malignant neoplasm 
displaying similar histopathologic features to 
those observed in the primary uveal tumor. 
Immunohistochemical studies of the metastatic 
tumor were also positive for melanin. Immedi- 
ately after the results of the biopsy, chemother- 
apy was initiated. Shortly thereafter, the pa- 
tient was transferred to another hospital for 
possible radical craniofacial surgery. Unfortu- 
nately, the patient was lost to follow-up. 





Discussion 





Our patient was examined by an ophthalmol- 
ogist because of the astute observations of his 
mother who noted iris discoloration in the 
involved eye. Initial ophthalmologic examina- 
tion showed evidence of anterior uveitis, gray- 
tan iris nodules, and secondary glaucoma. 
While in juvenile xanthogranuloma, the intra- 
ocular pressure may be increased, the iris nod- 
ules are typically brown-yellow and not gray. 
Furthermore, no cutaneous nodules character- 
istic of juvenile xanthogranuloma were ob- 
served. A thorough clinical and roentgeno- 
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graphic examination showed no evidence of 
metastatic lesion. 

Although a diffuse melanoma of the iris was 
the presumed clinical diagnosis initially, the 
nature of the retinal pigment epithelial mot- 
tling in the fundus of the right eye and the 
posterior choroidal infiltrates in the left were 
intriguing. In retrospect, we believe the choroi- 
dal infiltrates represented neoplastic infiltra- 
tion by malignant melanoma cells. Given the 
father’s homosexuality and drug abuse, an in- 
fectious process was considered but then ex- 
cluded based on the negative results of serolog- 
ic testing for HIV infection. 

Cysts of the ciliary epithelium in children are 
a feature suggestive of cystic medulloepithe- 
lioma.®* Such cysts have been documented his- 
topathologically in a 26-year-old white woman 
with metastatic malignant melanoma of the 
skin to the ciliary body’ and in the case of a 
primary ciliary body melanoma in a 5-year-old 
white boy (G. K. Klintworth, unpublished data, 
May 1969). In these two cases, the cysts con- 
tained a proteinaceous fluid. The cysts occur- 
ring in cystic medulloepitheliomas contain 
hyaluronidase-sensitive mucopolysaccharides, 
resembling primary vitreous. The failure of the 
proteinaceous material within the ciliary epi- 
thelial cysts to stain with Alcian blue in our 
case serves to illustrate this distinction. 


Fig. 7 (Rosenbaum, Bo- 
niuk, and Font). Electron 
micrograph of tumor cell 
demonstrating different me- 
lanosomes in various stages 
of melanogenesis: preme- 
lanosome (1), early immature 
melanosome (2), late imma- 
ture melanosome  (rodlet 
type) (3), and almost fully 
melanized granule (4) (Xx 
36,400). 


It is now recognized that flat uveal melanocy- 
tomas may occur in children.* Any portion of 
the uveal tract may be involved; if anterior 
segment involvement is present, secondary 
glaucoma may ensue. Our patient, however, 
did not demonstrate the jet-black pigmentation 
characteristic of uveal melanocytoma. 

Transillumination defects have been variably 
reported (ranging from approximately 4%° to 
87%* of cases). In our patient, no transillumina- 
tion shadows were noted either on clinical ex- 
amination or on gross examination of the enu- 
cleated globe. In our case, the choroid 
displayed scattered lymphoplasmacytic infil- 
trates but no foci of necrosis or areas of postne- 
crotic scarring were observed. The significance 
of this chronic nongranulomatous choroiditis 
remains uncertain but might reflect activation 
of the child’s immune system by the neoplastic 
cells. 

We classified histopathologically this diffuse 
uveal melanoma as Callender’s mixed cell type; 
this cell type comprises from 13%* to 76%’ of all 
diffuse uveal melanomas. Diffuse uveal mela- 
nomas show a marked tendency for early me- 
tastasis, as previously noted in two large se- 
ries.» Tumor cells typically permeate the 
anterior intrascleral plexuses, the long and 
short posterior intrascleral canals, and along 
the nerve fibers of the optic nerve. One of these 
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series’ demonstrated a five-year tumor death 
rate of 73% (19 of 26 patients); all of these 
patients died of metastatic disease within 48 
months of enucleation, with a median survival 
time of 20 months. Although our case failed to 
show any histopathologic evidence of intra- 
scleral or extraocular extension of the tumor, 
there was marked involvement of the chamber 
angle structures (including Schlemm’s canal). 
Metastatic involvement limited to the naso- 
pharynx and base of the skull is unusual; wide- 
spread metastases or predominant liver in- 
volvement is more common.? Except for the 
presence of bizarre multinucleated melanoma 
cells, the histopathologic features of the diffuse 
uveal mass in our patient were not different 
from those commonly observed in other diffuse 
uveal melanomas. 

The development of metastatic disease in this 
child, eight months after enucleation, reem- 
phasizes the poor prognosis related to this 
aggressive tumor and the need to include dif- 
fuse uveal melanoma in the differential diagno- 
sis of patients of all age groups. 
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OPHTHALMIC MINIATURE 
They have propped my head between the pillow and the sheet-cuff 
Like an eye between two white lids that will not shut. 
Stupid pupil, it has to take everything in. 


Sylvia Plath, “Tulips,” 1962 
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Intraocular Pressure Response to Topical Dexamethasone 


as a Predictor for the Development of Primary Open-Angle 


Glaucoma 





John M. Lewis, M.D., Thomas Priddy, M.D., Jeffrey Judd, M.D., 
Mae O. Gordon, Ph.D., Michael A. Kass, M.D., Allan E. Kolker, M.D., 
and Bernard Becker, M.D. 


In a retrospective study we reviewed the 
records of 788 subjects who had been cortico- 
steroid tested with 0.1% dexamethasone four 
times daily to one eye for six weeks. All sub- 
jects had normal kinetic visual fields and optic 
nerve heads in both eyes at the time of testing 
and were followed up for a minimum of five 
years. Some subjects had normal baseline in- 
traocular pressures whereas others were con- 
sidered to have ocular hypertension. 

Of 276 individuals who were high cortico- 
steroid responders (intraocular pressure great- 
er than 31 mm Hg during dexamethasone 
administration), 36 (13.0%) developed glau- 
comatous visual field loss during the follow- 
up period. Only nine of 261 individuals (3.4%) 
who were intermediate responders (intraocu- 
lar pressure 20 to 31 mm Hg during dexametha- 
sone administration) and none of 251 individ- 
uals who were low responders (intraocular 
pressure less than 20 mm Hg during dexameth- 
asone administration) developed glaucoma- 
tous visual field loss. However, the ability of 
the intraocular pressure response to dexameth- 
asone to predict the development of glaucoma- 
tous visual field loss was not as good as the 
predictive power of a multivariate model that 
included patient age, race, baseline intraocu- 
lar pressure, baseline outflow facility, base- 
line cup/disk ratio, and systemic hyper- 
tension. 
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NUMEROUS REPORTS have shown that cortico- 
steroids administered topically, systemically, 
or periocularly can increase intraocular pres- 
sure.™ Certain people, including patients with 
primary open-angle glaucoma’? and their first- 
degree relatives,*" are likely to develop in- 
creased intraocular pressure when treated with 
glucocorticoids. 

During the 1960s, Armaly”’ and Becker’ in- 
dependently postulated a genetic basis for the 
intraocular pressure response to corticoste- 
roids. Both of these investigators proposed a 
three-tier system to categorize the intraocular 
pressure responses to glucocorticoid testing." 
They further postulated a relationship between 
the inheritance of the intraocular pressure re- 
sponse to corticosteroids and the inheritance of 
primary open-angle glaucoma.*” 

If corticosteroid responsiveness is linked to 
the inheritance of primary open-angle glauco- 
ma, glucocorticoid testing could be a useful 
predictor for the development of the disease. 
We undertook this retrospective study to re- 
view all patients who had undergone cortico- 
steroid testing at our institution and to deter- 
mine whether such testing improved 
predictions about which patients developed 
primary open-angle glaucoma. 





Material and Methods 





We reviewed the charts of all individuals who 
underwent corticosteroid testing at our institu- 
tion between 1962 and 1980. Most of the sub- 
jects received corticosteroid testing routinely 
as part of their initial examination or soon 
thereafter. Additional selection criteria includ- 
ed a minimum of five years of follow-up and 
normal kinetic visual fields and optic disks in 
both eyes at the time of corticosteroid testing. 
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Some subjects had normal baseline intraocular 
pressures, whereas others were considered to 
have ocular hypertension on the basis of spon- 
taneous intraocular pressures greater than or 
equal to 21 mm Hg. Many of the subjects were 
participants in the Collaborative Glaucoma 
Study. 

Patients were excluded from the retrospec- 
tive study if they had known causes for in- 
creased intraocular pressure such as exfoliation 
syndrome, pigment dispersion, or angle clo- 
sure. They were also excluded if they devel- 
oped visual field loss from a disease other than 
glaucoma. Finally, individuals less than 18 
years of age at the time of corticosteroid testing 
were not included. 

Corticosteroid testing consisted of the ad- 
ministration of 0.1% dexamethasone to one 
eye, chosen randomly, four times daily for six 
weeks. The intraocular pressures of the treated 
and untreated eyes were measured using cali- 
brated Goldmann tonometers at baseline and 
after three and six weeks of dexamethasone 
instillation. Dexamethasone administration 
was discontinued at three weeks if the intraoc- 
ular pressure in the treated eye was greater 
than 31 mm Hg. 

The corticosteroid response was evaluated in 
four ways to determine its predictive accuracy: 
(1) the Becker criteria (Table 1), (2) the Armaly 
criteria (Table 1), (3) the final intraocular pres- 
sure in the treated eye while receiving dexa- 
methasone, and (4) the change in intraocular 
pressure in the treated eye corrected for the 
change in pressure in the untreated fellow eye. 

In addition to the corticosteroid data, we 
reviewed other possible predictive factors of 
glaucoma, including each patients’ demo- 
graphic background (age, sex, race) and family 
history of glaucoma. We also considered pre- 


dictive factors from the medical history (diabe- 
tes mellitus, hypertension, hemodynamic cri- 
sis, myocardial infarction, stroke) and the 
initial ocular examination (best-corrected visu- 
al acuity, refractive error, intraocular pressure, 
horizontal cup/disk ratio, gonioscopy, outflow 
facility). Finally, we considered a few special 
tests of interest including the phenylthiourea 
taste test, dexamethasone suppression of plas- 
ma cortisol, dexamethasone inhibition of lym- 
phocyte transformation, and the ratio of the 
opening pressure divided by the outflow facili- 
ty 45 minutes after ingesting a liter of water 
(Po/C). 

Follow-up data for each patient were collect- 
ed up to March 1, 1987. The diagnosis of pri- 
mary open-angle glaucoma was based on re- 
producible kinetic visual field defects in either 
eye that could not be attributed to some other 
cause. Ocular hypertension was diagnosed in 
those patients who had two or more spontane- 
ous intraocular pressure measurements greater 
than 21 mm Hg in either eye during follow-up. 
Individuals assessing visual field status were 
masked as to the outcome of corticosteroid 
testing. 

The candidate predictive variables for the 
development of primary open-angle glaucoma 
were initially screened using univariate analy- 
sis and multiple regression analysis. Selected 
variables of interest, including corticosteroid 
test results, were then evaluated using step- 
wise multivariate discriminant analysis. 





Results 





During 1962 to 1980, 1,053 people completed 
corticosteroid testing at our institution. Of 


TABLE 1 
INTRAOCULAR PRESSURE RESPONSE TO TOPICAL CORTICOSTEROID TESTING 


TT ee NOZ 


ARMALY 12:13 BECKER® 
Duration of administration 4 weeks 6 weeks 
Frequency of administration 3 times daily 4 times daily 
Classified by Change in intraocular Final intraocular pressure 
pressure from baseline in treated eye 
in treated eye 
Classification system 
Low responder =5 mm Hg <20 mm Hg 
Intermediate responder 6-15 mm Hg 20-31 mm Hg 
High responder =16 mm Hg >31 mm Hg 
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these, 788 met the inclusion criteria for this 
study. The mean (+ S.D.) age of the subjects 
was 49.4 + 13.9 years (range, 18 to 80 years). 
There were 396 men (50.3%) and 392 women 
(49.7%), and 663 whites (84.1%) and 125 blacks 
(15.9%). The mean length of follow-up was 6.7 
years (range, five to 20 years). 

Forty-five subjects developed glaucomatous 
visual field loss during the follow-up period. 
These 45 subjects were more likely to be re- 
sponsive to topical dexamethasone than were 
the 743 subjects who did not develop glauco- 
ma. This relationship held true whether judg- 
ing glucocorticoid responsiveness by the Beck- 
er criteria, Armaly criteria, change in 
intraocular pressure in the treated eye correct- 
ed for the change in the untreated eye, or the 
final pressure in the treated eye while receiving 
dexamethasone (Table 2). 

Of the 276 high responders by the Becker 
criteria, 36 (13.0%) developed primary open- 
angle glaucoma and 176 (63.8%) developed oc- 
ular hypertension (Table 3). In contrast, of the 
251 low responders by the Becker criteria none 
developed primary open-angle glaucoma and 
only six (2.4%) developed ocular hypertension. 

We also performed a separate analysis of the 
568 ocular normotensive individuals. Of this 
subgroup, 117 individuals were high cortico- 
steroid responders according to the Becker cri- 
teria and six (5.1%) eventually developed glau- 
coma. Only two of 201 (1%) intermediate 
responders and none of the 250 low responders 


developed reproducible glaucomatous visual 
field loss. 

Using univariate analysis, factors that distin- 
guished the group of subjects who developed 
glaucomatous visual field loss from the group 
that did not included age, race (blacks at higher 
risk), systemic hypertension, baseline intraoc- 
ular pressure, baseline outflow facility, base- 
line horizontal cup/disk ratio, and Po/C ratio 
after ingestion of water (Table 4). Some of the 
candidate risk factors, such as hemodynamic 
crisis, occurred so infrequently that they could 
not be evaluated. Conversely, a family history 
of glaucoma was so common, 362 individuals or 
45.9% of the sample, that it did not distinguish 
between the group that developed glaucoma- 
tous visual field loss and the group that did 
not. 

A multivariate discriminant analysis was 
conducted using risk factors that had been 
selected on the basis of their correlation with 
the occurrence of glaucomatous visual field loss 
and their intercorrelation with each other. The 
factors that best separated the subjects who 
developed glaucoma from the subjects who did 
not were, in order of decreasing importance, 
baseline intraocular pressure, race, baseline 
outflow facility, baseline horizontal cup/disk 
ratio, age, and systemic hypertension. The in- 
clusion of the corticosteroid test results did not 
improve the predictive power of the model. The 
lack of additional predictive power can be ex- 
plained by the correlation between the dexa- 


TABLE 2 
TOPICAL CORTICOSTEROID TESTING AND THE DEVELOPMENT OF 
PRIMARY OPEN-ANGLE GLAUCOMA 


DEVELOPED PRIMARY OPEN- 


DID NOT DEVELOP PRIMARY 


CORTICOSTEROID ANGLE GLAUCOMA OPEN-ANGLE GLAUCOMA P 
RESPONSE (N=45) (N=743) VALUE 
Becker criteria 
High responders (80.0%) 240 (32.3%) .0001 
Intermediate responders (20.0%) 252 (33.9%) 
Low responders (0%) 251 (33.8%) 
Armaly criteria 
High responders 11 (24.4%) 152 (20.4%) .0001 
Intermediate responders 26 (57.8%) 262 (35.3%) 
Low responders 8 (17.8%) 329 (44.3%) 
Mean + S.D. change in intraocular pressure corrected 
for change in the untreated 11.6 + 6.9 8.4+ 7.4 .005 
eye (mm Hg) 
Mean + S.D. final intraocular 35.3 + 7.2 26.2 + 9.7 .0001 


pressure while receiving 


dexamethasone (mm Hg) 


610 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1988 





TABLE 3 
THE DEVELOPMENT OF PRIMARY OPEN-ANGLE GLAUCOMA AND OCULAR HYPERTENSION 
BY THE BECKER CRITERIA FOR CORTICOSTEROID RESPONSIVENESS 





FINAL DIAGNOSIS 


CORTICOSTEROID NO. OF OCULAR PRIMARY OPEN- 
CLASSIFICATION SUBJECTS NORMAL HYPERTENSION ANGLE GLAUCOMA 
Low responders 251 245 (97.6%) 6 (2.4%) 0 (0%) 
Intermediate responders 261 132 (50.6%) 120 (46.0%) 9 (3.4%) 
High responders 276 64 (23.2%) 176 (63.8%) 36 (13.0%) 
methasone test results and the risk factors. For : : 
Discussion 


example, when high corticosteroid responders 
by the Becker criteria were compared to low 
responders, the high responders were older, 
more likely to be black, more likely to have 
systemic hypertension, and had higher base- 
line intraocular pressures, lower outflow facili- 
ties, and larger cup/disk ratios (Table 5). 

The ability of the corticosteroid test results to 
predict the development of primary open-angle 
glaucoma with a minimum five-year follow-up 
varied by the criteria used (Table 6). The multi- 
variate model was clearly better in its predic- 
tive power because it had a lower rate of false- 
positive results, which is an important 
consideration of any predictive test. 


In the 1960s, Armaly” and Becker? pro- 
posed that the intraocular pressure response to 
topical corticosteroids was inherited and that 
the gene or genes controlling this response 
were closely related to the inheritance of pri- 
mary open-angle glaucoma. Some investigators 
believed that people with glaucoma were more 
sensitive to the effects of endogenous and ex- 
ogenous corticosteroids,'°** whereas others 
noted increased blood or urine levels of gluco- 
corticoids. 5! 

The theories about the inheritance of the 
corticosteroid 


response were criticized by 


TABLE 4 
UNIVARIATE ANALYSIS OF PROGNOSTIC FACTORS 


DEVELOPED PRIMARY DID NOT DEVELOP PRIMARY 


PROGNOSTIC OPEN-ANGLE GLAUCOMA OPEN-ANGLE GLAUCOMA P 
FACTOR (N=45) (N=743) VALUE* 
Mean + S.D. age at testing (yrs) 57.4 + 9.6 48.9 + 13.9 .0001 
Sex (male) 18 (40%) 377 (50.7%) .16 
Race (black) 21 (46.7%) 104 (14.0%) .0001 
Hypertension 25 (55.6%) 172 (23.0%) .0001 
Diabetes mellitus 6 (13.6%) 146 (19.8%) .32 
Hemodynamic crisis 0 (0.0%) 3 (0.4%) NA 
Family history of glaucoma 25 (55.6%) 337 = (45.5%) 19 
Myocardial infarction 3 (6.7%) 32 (4.3%) NA 
Stroke 0 (0.0%) 6 (0.8%) NA 
Mean + S.D. baseline intraocular 23.4 + 5.0 17.7 + 4.4 .0001 
pressure (mm Hg) 
Myopia =0.25 D spherical equivalent 10 (22.2%) 236 (31.7%) 21 
Mean + S.D. baseline facility 0.15 + 0.06 0.25 + 0.09 .0001 
of outflow (ul/min/mm Hg) 
Mean + S.D. baseline 0.41 + 0.19 0.27 + 0.16 .001 
horizontal cup/disk ratio 
Mean + S.D. Po/C ratio after water 299.1 + 254.3 99.9 + 75.5 .0001 


“NA, not analyzed because of insufficient numbers. 
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TABLE 5 
COMPARISON OF LOW AND HIGH CORTICOSTEROID 
RESPONDERS BY THE BECKER CRITERIA 


— 5999899 


LOW HIGH 
RESPONDERS RESPONDERS 
(N=251) (N=276) 


Mean + S.D. age (yrs) 45.9 + 15.4 51.4 + 13.1 

Race (black) 33 (13.1%) 52 (18.8%) 

Mean + S.D. baseline intraocular 14.4 + 2.6 21.4 + 4.5 
pressure (mm Hg) 

Mean + S.D. baseline outflow 
facility 

Mean + S.D. baseline horizontal 
cup/disk ratio 

Systemic hypertension 


0.29 + 0.09 0.20 + 0.20 


0.2 + 0.1 0.3 + 0.2 


49 (19.5%) 111 (40.2%) 


Schwartz and coworkers™”! who noted low con- 
cordance of glucocorticoid responsiveness in 
monozygotic twins. Results of corticosteroid 
testing were also found to have relatively low 
reproducibility.” Finally, a number of investi- 
gators were unable to confirm the increased 
blood or urine levels of glucocorticoids in pa- 
tients with glaucoma.” 

In recent years, the corticosteroid hypothesis 
has been raised again by Southren and cowork- 
ers” and Weinstein and associates” who found 
an abnormal metabolism of glucocorticoids in 
trabecular cells from glaucomatous eyes. They 
proposed that glaucomatous trabecular cells 
accumulate metabolites that potentiate the ef- 
fects of endogenous and exogenous corticoste- 
roids. 

Regardless of the inheritance of corticoste- 
roid responsiveness or its relationship to glau- 
coma, most patients with primary open-angle 
glaucoma develop increased intraocular pres- 
sure when treated with topical glucocorti- 
coids.!* However, there is relatively little infor- 
mation about whether this test is a useful 
prognostic marker for the disease. Kitazawa 


TABLE 6 
PREDICTIONS OF THE DEVELOPMENT OF PRIMARY 
OPEN-ANGLE GLAUCOMA 


nnn EEE 


FALSE-NEGATIVE FALSE-POSITIVE 
CRITERIA RATE RATE 
Armaly criteria 17.8% 55.5% 
Becker criteria 20.0% 32.4% 
Multivariate model 20.5% 18.5% 


and coworkers? and Wilensky, Podos, and 
Becker®! noted a high incidence of glaucoma- 
tous visual field loss in ocular hypertensive 
subjects who were also high corticosteroid re- 
sponders. 

In our study using a large sample, we found 
that corticosteroid responsiveness was a good 
predictor for the development of primary open- 
angle glaucoma insofar as false-negative results 
were concerned, that is, only nine of 512 (1.8%) 
low and intermediate responders by the Becker 
criteria developed glaucoma during the follow- 
up period. However, corticosteroid testing did 
not perform as well insofar as false-positive 
results were concerned, that is, 240 of the 276 
(87.0%) high responders by the Becker criteria 
did not develop glaucoma. Furthermore, when 
a multivariate analysis of risk factors was con- 
ducted, corticosteroid testing added little to the 
predictive power of a model that included base- 
line intraocular pressure, race, baseline cup/ 
disk ratio, baseline outflow facility, age, and 
systemic hypertension. This suggests that 
there is little reason to perform routine cortico- 
steroid testing since the other risk factors (with 
the exception of outflow facility) are collected 
in standard ocular examinations. 

There are two shortcomings of this study that 
deserve comment. As is typical of many retro- 
spective studies, a number of subjects were 
corticosteroid tested and then lost to follow-up, 
and this could have introduced a bias into the 
study. Furthermore, this study did not involve 
a population-based sample, but rather a cohort 
of volunteers and patients referred to a medical 
center. This difference is illustrated by the high 
prevalence of a family history of glaucoma and 
the high prevalence of corticosteroid respon- 
siveness in the sample, that is, approximately 
33% of the volunteers were classified as high 
responders by the Becker criteria as opposed 
to the expected 5% to 6% in the general popula- 
tion.ê8 Given the unusual characteristics of 
the sample and the retrospective nature of the 
study, we are unable to refute or support the 
hypotheses concerning the heritability of 
the corticosteroid response or its relationship 
to the inheritance of primary open-angle glau- 
coma. 
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Accuracy of Lens Power Calculations With the Biconvex 


and Meniscus Intraocular Lenses 


I 


H. John Shammas, M.D. 


In a prospective study, intraocular lens 
power calculations were within +0.50 diopter 
of the final refraction in 77 of 88 eyes (87.5%) 
with a biconvex lens and in 41 of 90 eyes 
(45.5%) with a meniscus lens. The more pre- 
cise power calculations with the biconvex in- 
traocular lens seemed to be related to the 
superior optical design of the lens, with its 
close configuration to a normal crystalline 
lens. 


INTRAOCULAR LENSES come in a wide variety 
of shapes and styles. For many years, plano- 
convex intraocular lenses were standardly 
used. The advent of the Nd:YAG laser and the 
need to leave a space between the lens and the 
posterior capsule led to the development of 
the meniscus lens. During the same period, 
the biconvex intraocular lens became more 
popular because of its higher image quality and 
resolution.'? I compared the accuracy of lens 
power calculations with the refractive result 
after extracapsular cataract extraction and in- 
sertion of biconvex or meniscus posterior 
chamber lenses. 


a 


Material and Methods 


ooo a 


Two hundred consecutive eyes undergoing 
cataract extraction were randomly assigned to 
receive a biconvex or a meniscus intraocular 
lens. 

The Shammas formula? was used for all 
power calculations: 


E 1,336 _ 1 
L- 0.1 (L — 23)-C-0.05 40125 C +0.05 ` 
K 1,336 


P 
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where P is the power of the intraocular lens for 
emmetropia in diopters; L is the axial length in 
millimeters; K is the average keratometer read- 
ings in diopters; and C is the estimated anterior 
chamber depth in millimeters. 

The axial length was measured electronically 
with an ultrasound unit using an immersion 
technique.‘ A postoperative anterior chamber 
depth of 4.3 mm for the biconvex lenses and 3.8 
mm for the meniscus lenses was used. These 
values were established before this study by 
reviewing the results of 20 eyes with biconvex 
lenses and 20 with meniscus lenses. The differ- 
ences between the final and predicted refrac- 
tions for each eye were averaged for each lens 
style; the anterior chamber depth value was 
then adjusted until the average difference in 
these cases was zero. 

In choosing the lens power, I aimed for em- 
metropia or slight myopia when the fellow eye 
had decreased vision as a result of cataract. 
When the fellow eye had good vision, I sought 
isometropia with a refraction of 1 to 2 diopters 
nearer emmetropia than the fellow eye. 

A planned extracapsular cataract extraction 
was performed in each case with a 5.5-mm 
U-shaped anterior capsulotomy, extraction of 
the nucleus, and removal of the lens cortex 
with an automated irrigation-aspiration device. 
The small anterior capsulotomy left a visible 
rim allowing the implant to be inserted in the 
capsule under direct visualization: the first 
haptic was directed under the rim and into the 
capsule at the 6 o’clock position; the second 
haptic was held with forceps and gently ma- 
neuvered under the capsular rim and placed in 
the capsule. The lens was then rotated for best 
centration. 

Excluded from the study were ten cases in 
which one or both haptics were not inserted in 
the capsule because of a small pupil or compli- 
cations at the time of surgery, and 12 cases in 
which postoperative visual acuity was less than 
20/50 with an unreliable refraction because of 
either macular degeneration or glaucomatous 
optic atrophy. Of the remaining 178 eyes, 88 
had a biconvex intraocular lens and 90 had a 
meniscus intraocular lens. 
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TABLE 
CLINICAL DATA 








EYES WITH A EYES WITH A 
BICONVEX LENS MENISCUS LENS 
Number 88 90 
Average age (yrs) 74.1 73.6 
R.E/L.E. 50/38 50/40 
Male/female 33/55 34/56 
Results 


The two groups were well matched for age, 
sex, and eye involved (Table). The postopera- 
tive refraction ranged from -2.25 to +1.50 
diopters in the 88 eyes with biconvex lenses 
and from —3.50 to +2.25 diopters in the 90 eyes 
with meniscus lenses. Of the 88 eyes with the 
biconvex lenses, 77 (87.5%) were within +0.50 
diopter of the predicted result (Fig. 1) com- 
pared to 41 of 90 eyes (45.5%) with meniscus 
lenses (Fig. 2). This difference is statistically 
significant (P < .001). 

The average error was —0.05 diopter in eyes 
with biconvex lenses and —0.08 diopter in eyes 
with meniscus lenses. The mean absolute error 


NUMBER OF EYES 


-1.5 -1.0 -0.5 o 


DIOPTER DIFFERENCE 





was 0.32 diopter (S.E., +0.03) in the eyes with 
biconvex lenses compared to 0.63 diopter (S.E., 
+0.05) in the eyes with meniscus lenses. This 
difference is statistically significant (P < .001). 





Discussion 





The accuracy of lens power calculations re- 
lates directly to the patient's expectations and 
satisfaction. The calculations vary with the sur- 
gical technique, the axial length measurement, 
the formula, and the intraocular lens used.’ 
Variations in the surgical technique are mini- 
mized by inserting the implant in the capsule. 

An accurate and reproducible axial length 
measurement necessitates a proper technique’; 
this includes the alignment of the ultrasound 
beam with the optical axis of the eye and the 
identification of the echo spikes on an oscillo- 
scope. In the present series, I used an immer- 
sion method keeping the ultrasound probe 5 to 
10 mm away from the cornea, thus avoiding 
any potential corneal applanation.°* 

The Shammas formula’ is a modification of 
Colenbrander’s formula yielding more accurate 
predictions in short and long eyes. To insure 
the highest prediction rate, the formula should 


Fig. 1 (Shammas). Differ- 
ence (in diopters) between 
the final postoperative re- 
fraction and the formula’s 
prediction in each of the 88 
eyes with a biconvex intraoc- 
ular lens. 
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-2.0 -1.5 -10 -0.5 o 0.5 


DIOPTER DIFFERENCE 


be personalized by calculating the optimal 
anterior chamber depth value for each lens 
style: the postoperative refractions of ten to 20 
eyes with the same lens style are compared to 
the predicted refractions, and the anterior 
chamber depth value is then adjusted until the 
average difference between the final and pre- 
dicted refractions is zero. In this series, the 
average difference was less than 0.1 diopter for 
both lens styles. 

The effective power of a lens is considered to 
be at its optical plane. The 0.5-mm difference in 
the calculated anterior chamber depth values 
between the two lens styles was probably the 
result of the difference in the shape of the lens, 
with a more posterior optical plane in the bi- 
convex lens. 

This study showed that power calculations 
are more precise with a biconvex lens com- 
pared to a meniscus lens using the same surgi- 
cal technique, method of axial length measure- 
ment, and formula. The higher accuracy 
seemed to be related to the optical design of the 
biconvex lens itself. 

Posterior chamber lenses inserted after extra- 
capsular cataract extraction will incur a certain 
amount of decentration and tilt. In a review of 
13 cases, Phillips and associates’ found the 
intraocular lens to be decentered in every case 
between 0.4 and 1.2 mm and the amount of tilt 
varied from 2.4 to 12.8 degrees. When the 
decentration exceeds 1 mm and the tilt exceeds 
10 degrees, an eccentric portion of the lens 
implant becomes aligned with the optical axis 





Fig. 2 (Shammas). Differ- 
ence (in diopters) between 
the final postoperative re- 
fraction and the formula’s 
prediction in each of the 90 
eyes with a meniscus intraoc- 
ular lens. 


of the eye; with the meniscus lens, this will 
result in a variable amount of spherical aberra- 
tion, image degradation, and induced astigma- 
tism.? Conversely, a biconvex lens most closely 
approximates the configuration of a normal 
crystalline lens with no spherical aberration 
and only minimal image degradation with 
decentration and lens tilt.” 

Theoretically, the optical design of a bicon- 
vex intraocular lens is superior to the meniscus 
lens design.'* This clinical study seemed to 
confirm this basic theoretical concept. 
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PERSPECTIVES 





Use of Ophthalmic Medications 


in Pregnant and Nursing Women 


John R. Samples, M.D., and S. Martha Meyer, B.S. 


Editor’s Note: With this issue THE JOURNAL 
launches a new section in which periodically a 
particular topic will be reviewed by an expert or 
experts in a field with emphasis upon their personal 
views. We hope these views will be fresh, thought- 
provoking, and a stimulus to further studies. This 
section will be concerned mainly with the state- 
of-the-art and will relate to a particular viewpoint as 
of this time. 





LITTLE HAS BEEN published on the use of 
topical ophthalmic medications in pregnant or 
nursing women. The National Registry of 
Drug-Induced Ocular Side Effects has accumu- 
lated such data over the last ten years. During 
pregnancy, any drug that is absorbed systemi- 
cally can affect both the pregnant woman and 
the fetus. Therefore, the clinician must consid- 
er the adverse effects of the drug itself as well 
as its potential for teratogenicity. 


616 


Risk factors have been developed to help 
assess the potential risk of drugs to the fetus 
(Table 1).! In general, there is little evidence 
that topical ophthalmic medications are terato- 
genic in humans. This is not surprising since 
surveillance of large populations is necessary 
to detect a possible teratogenic property of a 
drug. Most drugs that are teratogenic have low 
malformation rates and few pregnant women 
are treated with topical ocular medication.’ 
Likewise, potential toxicity of drugs and chem- 
icals that are excreted in breast milk may be 
difficult to detect. Virtually all investigations of 
milk secretion and synthesis have been carried 
out in animals, and there are considerable dif- 
ferences in the composition of milk in different 
species. Human milk is a suspension of fat and 
protein in a carbohydrate-mineral solution. 
Drug excretion into milk may be accomplished 
by binding to the proteins or onto the surface of 
the milk fat globules. With few exceptions, all 
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TABLE 1 
FETAL RISK FACTORS 


EEE 


CATEGORY DEFINITION 


A Controlled studies in women fail to demonstrate a 
risk to the fetus in the first trimester (and there is 
no evidence of a risk in later trimesters). The 
possibility of fetal harm appears remote. 

B Either animal reproduction studies have not demon- 
strated a fetal risk but there are no controlled 
studies in pregnant women or animal reproduction 
studies have shown an adverse effect that was not 
confirmed in women in the first trimester (and 
there is no evidence of a risk in later trimesters). 

Cc Either studies in animals have shown adverse ef- 
fects on the fetus (teratogenic, embryocidal, or 
other) and there are no controlled studies in 
women or studies in women and animals are not 
available. Drugs should be given only if the poten- 
tial benefit to the pregnant woman justifies the 
potential risk to the fetus. 

D There is positive evidence of human fetal risk, but 
the benefits from use in pregnant women may be 
acceptable despite the risk to the fetus (thatis, ina 
life-threatening situation or for serious diseases 
for which safer drugs cannot be used or are 
ineffective). 


EEE 


drugs that are present in the maternal circula- 
tion are transferred into milk. Unless studies 
on the nursing infant’s blood or urine are per- 
formed, there is no way of determining the 
actual amount of drug absorbed by the infant 
from the milk. 


Beta-Adrenergic Antagonists 

Although infants born to mothers taking 
large amounts of systemic beta blockers have 
been noted to have neonatal depression at birth 
as well as postnatal hypoglycemia and brady- 
cardia,’ topical ophthalmic timolol 0.25% used 
from the third month of pregnancy has pro- 
duced no complications or side effects in a 
neonate.‘ A recent review concluded that beta- 
blockers are relatively safe during pregnancy.” 
However, in the absence of definitive data, it 
was recommended that beta-blocker therapy 
should be avoided during the first trimester, 
that the lowest possible dose be used when 
necessary, and that beta-blocker therapy be 
discontinued at least two to three days before 
delivery, both as a way of limiting the effects of 
beta-blocker therapy on uterine contractility 
and for preventing possible neonatal complica- 
tions secondary to beta-blockade. 


Topical administration of ophthalmic timolol 
in a nursing mother has been found to be 
concentrated in breast milk filtered through the 
mother’s blood; the milk:plasma ratio was 6.0.° 
Although this probably is not a cause for major 
concern, infants should be observed carefully 
for signs of beta-blockade. Because of the me- 
tabolism of beta-blockers in breast-fed infants, 
the liver may reduce systemic side effects. 
However, it would be best to advise that infants 
of mothers using beta-blockers be weaned, par- 
ticularly if there is evidence of impaired hepatic 
or renal function in the infant. 


Carbonic Anhydrase Inhibitors 

Acetazolamide and dichlorphenamide given 
to pregnant rats have caused limb and kidney 
defects in sucklings.”* One case of teratoma has 
been reported in the offspring of a woman 
treated for the first 19 weeks of pregnancy with 
acetazolamide,’ and the Registry has received 
one report of cataracts in the offspring follow- 
ing maternal exposure to phenobarbital, acet- 
azolamide, and carbamazepine. The teratogen- 
ic effect of acetazolamide in rats can be 
potentiated by either caffeine or nicotine.” Ac- 
etazolamide excretion into human breast milk 
has also been quantitated; the maternal plasma 
level was found to be approximately threefold 
higher than the breast milk concentration and 
approximately thirtyfold higher than the neo- 
nate’s plasma level." Because of possible sys- 
temic effects of carbonic anhydrase inhibitors, 
it would be best to advise that infants be 
weaned, particularly if there is evidence of 
impaired hepatic or renal function or decreased 
respiratory capacity. Whenever possible, car- 
bonic anhydrase inhibitors should be avoided 
during pregnancy. 


Miotics 

Although cholinesterase inhibitors are ap- 
parently safe for the fetus, they may affect the 
newborn.” Transient muscular weakness has 
been observed in 20% of newborns whose 
mothers were treated for myasthenia gravis 
during pregnancy. While the exact cause of 
neonatal myasthenia is not well understood, 
systemic cholinesterase inhibitors may exacer- 
bate this condition.” Topical physostigmine ap- 
plied to pregnant chicks and quails has caused 
beak and limb defects.“ Pilocarpine given to 
pregnant women who are near term has been 
implicated in neonatal hyperthermia, restless- 
ness, seizures, and diaphoresis—signs that 
mimic neonatal meningitis.’ Although it is not 
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known whether these particular drugs are ex- 
creted in human milk, caution should be exer- 
cised when miotics are administered to a nurs- 
ing woman. 


Mydriatics 

When systemic scopolamine is administered 
to the mother at term, fetal effects may include 
tachycardia, decreased heart rate variability, 
and decreased heart rate deceleration. ^" Sco- 
polamine toxicity in a newborn has been de- 
scribed and includes fever, tachycardia, and 
lethargy. Parenterally administered phenyl- 
ephrine or epinephrine in late pregnancy or 
labor may cause fetal hypoxia manifested as 
tachycardia. Sympathomimetic amines are 
teratogenic in some animal species,” and an 
association between the first trimester use of 
atropine, epinephrine, homatropine, or 
phenylephrine and minor malformations that 
are not life-threatening or major cosmetic de- 
fects have been made. In particular, inguinal 
hernia and clubfoot have been described in 
association with sympathomimetics and minor 
fetal malformations with parasympatholytics.” 
Intrauterine epinephrine has also been found 
to produce cataracts in rats.” Animal reproduc- 
tion studies have not been performed with 
cyclopentolate or tropicamide. Although repro- 
duction studies in rats and rabbits have not 
shown any evidence of harmful fetal effects as a 
result of oral doses of dipivefrin, there have 
been no adequate, well-controlled studies in 
pregnant women. In general, mydriatics 
should be used during pregnancy only when 
clearly needed. 

Whether or not systemic anticholinergic 
agents, such as atropine, homatropine, and 
scopolamine, pass into breast milk is unclear.” 
It has not been adequately documented if 
measurable amounts are excreted or, if excre- 
tion does occur, if it affects the nursing infant. 
However, since infants are particularly sensi- 
tive to anticholinergic agents (psychotic reac- 
tions, behavioral disturbances, and cardiores- 
piratory collapse have been noted), breast 
feeding should probably be suspended if topi- 
cal ophthalmic anticholinergic drugs must be 
given to the mother. Since it is not known 
whether sympathomimetics are distributed 
into milk, topical ophthalmic dipivefrin and 
epinephrine should be used with caution in 
nursing women. Because of the risk of precipi- 
tating severe hypertension with phenyleph- 
rine, its use may be contraindicated in nursing 
women. 


Corticosteroids 

The effect of topical ophthalmic corticoste- 
roids upon the fetus is unknown. Teratogenic 
effects of corticosteroids have been demon- 
strated in animal experiments but have not 
been confirmed in humans. The cleft lip and 
palate seen in animals” have not been encoun- 
tered more frequently in the offspring of 
corticosteroid-treated women than in those of 
nontreated women.” The risk of stillbirth may 
be increased with systemic prednisolone treat- 
ment during pregnancy,” but the possibility 
that the disorder which led to the use of the 
corticosteroid was itself responsible cannot be 
excluded. Retardation of intrauterine growth 
by systemic corticosteroids has been reported 
not only in animals but also in humans.” Inten- 
sive systemic corticosteroid treatment of preg- 
nant women may result in a secondary insuffi- 
ciency of the adrenal cortex of the newborn.” 
Bilateral congenital nuclear cataracts have been 
reported in an otherwise normal child whose 
mother had received systemic corticosteroids 
throughout much of her pregnancy.” Cortico- 
steroids applied to the eyes of pregnant mice 
are reported to have caused an increased inci- 
dence of cleft palates in the fetuses.” However, 
firm conclusions concerning a possible risk of 
corticosteroid treatment cannot be drawn on 
the basis of presently available data. Thus far, 
epidemiologic studies do not suggest that par- 
ticular caution is indicated in administering 
topical ophthalmic corticosteroids for thera- 
peutic reasons during pregnancy on teratologic 
grounds. 

Systemic corticosteroids appear in breast 
milk and can suppress growth, interfere 
with endogenous production, or cause other 
adverse effects in nursing infants. The manu- 
facturer states that mothers receiving pharma- 
cologic doses of systemic corticosteroids 
should be advised not to nurse their infants; 
because no data are available on the use of 
topically applied corticosteroids, they should 
also probably be avoided if possible. 


Antibiotics 

Topical ophthalmic antibiotics may be need- 
ed to treat bacterial infections of the eye during 
pregnancy. On the basis of available data, 
erythromycin and polymyxin B appear to be the 
safest antibiotics (Table 2), although these are 
rarely the drugs of first choice. Placental trans- 
mission of erythromycin and polymyxin B may 
expose the fetus to a broad spectrum of toxici- 
ty, including hepatotoxicity from erythromycin 
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TABLE 2 
OPHTHALMIC DRUGS IN PREGNANCY AND LACTATION 


a 


FETAL 
DRUG RISK FACTOR* TOXICITY IN PREGNANCY RECOMMENDATION TOXICITY INLACTATION RECOMMENDATION 
Beta-adrenergic 
antagonists 
Betaxolol C Neonatal hypoglycemia, Caution Beta-blockade (?) Contraindicated 
Levobunolol Cc neonatal bradycardia, Caution Beta-blockade (7?) Contraindicated 
Timolol (0) neonatal depression Caution Beta-blockade (?) Contraindicated 
Carbonic anhydrase 
inhibitors 
Acetazolamide Cc Teratoma, renal and limb Caution Renal and metabolic Contraindicated 
deformities (animals) effects (?) 
Dichlorphenamide ? Renal and limb deformities (animals) Caution Renal and metabolic Contraindicated 
effects (?) 
Methazolamide ? No data available Caution Renal and metabolic Contraindicated 
effects (?) 
Miotics 
Demacarium Cc No data available Caution No data available Caution 
Echothiophate Cc No data available Caution No data available Caution 
lsoflurophate Cc No data available Caution No data available Caution 
Neostigmine Cc Neonatal myasthenia, beak and limb Caution No data available Caution 
Physotigmine Cc { deformities (animals) Caution No data available Caution 
Pilocarpine C Neonatal hyperthermia, restlessness, Caution No data available Caution 
seizures, diaphoresis 
Mydriatics 
Atropine Cc Minor fetal malformations Caution Anticholinergic effect (?) Contraindicated 
Cyclopentolate T No data available Caution Anticholinergic effect (?) Contraindicated 
Dipivefrin B No data available Caution No data available Caution 
Epinephrine Cc Fetal hypoxia, inguinal hernia, Contraindicated No data available Caution 
cataracts (animals) 
Homatropine Cc Minor fetal malformations Caution Anticholinergic effect (?) Contraindicated 
Phenylephrine D Fetal hypoxia, inguinal hernia, Contraindicated Hypertension (?) Contraindicated 
clubfoot 
Scopolamine Cc Minor fetal malformations, neonatal Caution Anticholinergic effect (7?) Contraindicated 
tachycardia, decreased heart rate 
variability 
Tropicamide 2 No data available Caution Anticholinergic effect (?) Contraindicated 
Corticosteroids 
Betamethasone Cc Fetal hypoadrenalism, stillbirth, Caution Growth suppression, Contraindicated 
Dexamethasone Cc growth or mental development Caution interferes with Contraindicated 
Medrysone ? suppression, cataracts, cleft Caution endogenous Contraindicated 
lip and palate corticosteroid 
Prednisolone B (animals) Caution production Contraindicated 
(Continued) 


and nephrotoxicity or neurotoxicity from poly- 
myxin B?!; however, there are no reports associ- 
ating the use of these drugs with congenital 
defects. During pregnancy, parenteral admin- 
istration of gentamicin results in a gradually 
increasing concentration of the antibiotic in 
amounts ranging from 0.3 to 0.7 of the average 
maternal blood levels.” Although there are no 
proven cases of intrauterine damage caused by 


gentamicin, neomycin, or tobramycin, admin- 
istration of these agents during pregnancy may 
be associated with otologic damage to the fetus 
based on their properties as aminoglycosides. 
Systemic chloramphenicol has been reported to 
cause Gray syndrome in neonates born to 
mothers treated during the final stages of preg- 
nancy.” Gray syndrome usually begins two to 
nine days after treatment is started. The first 
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TABLE 2 (Continued) 
OPHTHALMIC DRUGS IN PREGNANCY AND LACTATION 
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FETAL 
DRUG RISK FACTOR* TOXICITY IN PREGNANCY RECOMMENDATION TOXICITY IN LACTATION RECOMMENDATION 
Antibiotics 
Chloramphenicol Cc Neonatal Gray syndrome Contraindicated Bone marrow Contraindicated 
depression (7?) 
Erythromycin B No data available Probably safe Modification of Caution 
bowel flora 
Gentamicin Cc Ototoxicity (?) Caution Ototoxicity (?) Contraindicated 
Neomycin C Ototoxicity (?) Caution Ototoxicity (?) Contraindicated 
Polymyxin B B No data available Probably safe No data available Probably safe 
Rifampin Cc Spina bifida, anencephaly, cleft Caution No data available Caution 
palate (animals) 
Sulfonamides Bt, Dt Hemolysis in glucose-6-phosphate Caution Diarrhea, rash Probably safe§ 
deficiency, kernicterus, skeletal 
malformations (animals) 
Tetracycline D Growth suppression, dental staining Contraindicated Growth suppression, Contraindicated 
dental staining 
Tobramycin C Ototoxicity (?) Caution Ototoxicity (?) Contraindicated 
Antivirals 
Acyclovir Cc No data available Caution No data available Contraindicated 
Idoxuridine C Teratogenic (animals) Caution Tumorigenicity (?) Contraindicated 
Trifluridine 2 Teratogenic (animals) Caution No data available Contraindicated 
Vidarabine C Teratogenic (animals) Caution No data available Contraindicated 
Fluorescein ? No data available Caution No data available Caution 


*See Table 1 for definitions; ? indicates uncertain. 
'Contraindicated at term. 
‘Third trimester. 


§Contraindicated in premature, hyperbilirubinemic, or glucose-6-phosphate-deficient infants. 


manifestations are vomiting, refusal to suck, 
irregular and rapid respirations, abdominal 
distention, periods of cyanosis, and the pas- 
sage of loose, green stools. All children are 
quite ill by the end of the first day; over the next 
24 hours, they develop flaccidity and an ashen- 
gray color, giving this syndrome its name. 
Traditionally, chloramphenicol has not been 
regarded as embryotoxic in humans, with clini- 
cal experience outweighing some animal evi- 
dence to the contrary. Spina bifida, anencepha- 
ly, and cleft palate have been observed in 
animal experiments with maternal exposure to 
systemic rifampin,™ and the frequency of mal- 
formation in neonates exposed to systemic ma- 
ternal rifampin was slightly higher than that in 
infants exposed to tuberculosis (1.8%) and 
slightly lower than that in infants exposed to 
other antituberculosis regimens (6.5%). Sul- 
fonamides given systemically in the third tri- 
mester of pregnancy may displace uncon- 
jugated bilirubin from plasma albumin, leading 


to hyperbilirubinemia in infants." An in- 
crease in the incidence of cleft palate and other 
bony abnormalities has also been associated 
with some sulfonamides when they are admin- 
istered orally to pregnant rats and mice in 
doses seven to 25 times the usual human 
dose.” Discoloration of the primary teeth is 
well known to occur when systemic tetracycline 
therapy is given to the mother after the third 
month of pregnancy.” Additionally, the occur- 
rence of malformations involving the extremi- 
ties in children exposed to intrauterine tetracy- 
clines cannot be excluded with certainty. 

In a series of 50 breast-fed newborns of moth- 
ers receiving systemic chloramphenicol during 
lactation, several of the babies refused the 
breast feeding"; those who did not suffered 
from vomiting or showed meteorism. Even 
though bone marrow depression in the nursing 
infant has not been reported, almost equivalent 
levels of the systemic drug have been detected 
in breast milk in relation to maternal plasma. 
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Therefore, breast feeding should probably be 
stopped during treatment with topical ophthal- 
mic chloramphenicol.” 

Since systemic tetracyclines are excreted in 
breast milk in low concentrations,“ dental 
staining and inhibition of bone growth could 
occur in breast-fed infants whose mothers are 
using tetracycline. Although it is unlikely that 
topical ophthalmic tetracyclines are distributed 
into breast milk, they probably should not be 
used in nursing women. 

Systemic erythromycin is known to be excret- 
ed into breast milk; the milk:plasma ratio is 
0.5.21 Although there have been no reports of 
adverse effects in infants exposed to erythro- 
mycin in breast milk, caution is advised in 
nursing mothers. 

Although data on the excretion of gentamicin 
or neomycin into breast milk are lacking, small 
amounts of other systemic aminoglycosides are 
known to be distributed into milk.“ Because of 
the potential for ototoxicity in nursing infants, 
ophthalmic aminoglycosides (gentamicin, neo- 
mycin, and tobramycin) should not be used in 
nursing women. 

Systemic rifampin is excreted into breast milk 
in concentrations of 1 to 3 pg/ml. However, we 
found no reports describing adverse effects in 
nursing infants. Therefore, there would appear 
to be no contraindications for the use of rifam- 
pin in nursing women. 

The concentration of systemic sulfonamides 
in breast milk is unlikely to affect the nursing 
infant, unless previous sensitization has oc- 
curred. Although diarrhea and rash in breast- 
fed infants whose mothers were receiving sul- 
fapyridine or sulfathiazole have been 
reported,“ sulfonamide excretion into breast 
milk seems to present a low risk for the healthy 
full-term neonate. Exposure to sulfonamides in 
breast milk can cause hemolytic anemia in in- 
fants with glucose-6-phosphate dehydrogenase 
deficiency and might increase the danger of 
kernicterus in infants with Rh or ABO incom- 
patibility. There are no data on topical oph- 
thalmic use of sulfonamides in nursing women. 


Antiviral Agents 

Antiviral agents used to treat ophthalmic 
disease in women during pregnancy may be 
particularly problematic, since most of these 
drugs are based on molecules that can intercal- 
culate themselves in DNA and RNA. Marked 
teratogenic effects have been described in mice 
and rabbits treated with idoxuridine during 
pregnancy.” Exophthalmos and clubbing of 


the forelegs were found in rabbits that were 
exposed to topical ophthalmic idoxuridine 
0.1% four times daily for 12 days. Vidarabine is 
teratogenic in some species of animals after 
topical or intramuscular injection.” Trifluri- 
dine has been found to be teratogenic only 
when injected into the yolk sac of developing 
chick embryos and drug-induced fetal toxicity 
has been observed when 2.5 mg/kg of body 
weight was injected subcutaneously daily in 
animals.® Acyclovir has not been found to be 
teratogenic in rats or rabbits. 

Topical ophthalmic antiviral agents should 
not be prescribed for nursing mothers unless 
the potential benefits outweigh the potential 
risks. Although it is unknown whether these 
agents are excreted in human milk, caution 
should be exercised when topical ophthalmic 
antiviral agents are administered to nursing 
women because these drugs and their metabo- 
lites may be excreted into human milk. Breast 
milk excretion of topical ophthalmic vidarabine 
is unlikely because it is rapidly deaminated in 
the gastrointestinal tract.” Because of the rela- 
tively low dosage of trifluridine, its dilution in 
body fluids, and its extremely short half-life, it 
is also unlikely that the drug is excreted in 
human milk after ophthalmic application.™ 
However, because of the potential for 
tumorigenicity shown for antiviral agents in 
animal studies, nursing should not be per- 
formed while the mother is undergoing topical 
antiviral treatment; switching the infant to for- 
mula is advised. 


Fluorescein 

Fluorescein used in a 30-year-old woman at 
34 weeks in her pregnancy was found in the 
amniotic fluid. However, no harmful effects 
were found in the newborn. No data are avail- 
able on the use of fluorescein in nursing 
women. 


Recommendations 

Particular caution is necessary whenever 
drug treatment is contemplated in a pregnant 
or nursing woman. Our recommendations are 
based on the current available data, which are 
far from complete and are based on the as- 
sumption that eyedrops administered topically 
will be absorbed systemically. The latter has 
certainly proven to be the case with some medi- 
cations, such as timolol." The key to the use of 
topical ophthalmic medication during pregnan- 
cy or lactation is to decrease systemic absorp- 
tion. This may be done by nasolacrimal punctal 
occlusion for three to five minutes after appli- 
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cation of one drop of medication and removal 
of excess tears or medication with absorbent 
material before the release of pressure. The use 
of any ophthalmic medication in pregnant and 
nursing women requires a consideration of the 
benefit-to-risk ratio. An intraocular pressure of 
60 mm Hg can be threatening to a mother, with 
the possible sequelae including permanent vis- 
ual loss. Often young women will tolerate 
slight increases in intraocular pressure exceed- 
ingly well, and treatment may be deferred until 
delivery of the infant. All routine nonessential 
ophthalmic medications should be avoided 
during pregnancy. If therapeutic or diagnostic 
drugs are necessary, the choice of drugs should 
be evaluated based on fetal risk factor catego- 
ries (Table 2). If one needs to treat glaucoma 
during pregnancy or lactation, we recommend 
pilocarpine over beta-adrenergic antagonists or 
carbonic anhydrase inhibitors. If the patient is 
in the second or third trimester, a beta- 
antagonist may be used. It would seem prudent 
to discontinue the beta-blocker two to three 
days before delivery in order to avoid adverse 
effects on uterine contractility and beta- 
blockade in the neonate. Cautious use of topi- 
cal ophthalmic corticosteroids during pregnan- 
cy or lactation is recommended if an 
anti-inflammatory agent is needed for treat- 
ment; however, as short a course of treatment 
and as low a concentration as possible should 
be prescribed. 

The Registry welcomes any additional drug 
experiences in regard to ophthalmic medica- 
tions in pregnant or lactating women. Please 
send your data to the National Registry of 
Drug-Induced Ocular Side Effects, Department 
of Ophthalmology, 3181 S.W. Sam Jackson Park 
Rd., Portland, OR 97201. 





From the Department of Ophthalmology and the 
National Registry of Drug-Induced Ocular Side Effects, 
Oregon Health Sciences University, Portland, Oregon. 
This study was supported in part by Research to Prevent 
Blindness, Inc. 

Reprint requests to John R. Samples, M.D., Depart- 
ment of Ophthalmology, Oregon Health Sciences Uni- 
versity, 3181 S.W. Sam Jackson Park Rd., Portland, OR 
97201. 
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Filtering Bleb Thrombolysis With 
Tissue Plasminogen Activator 
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na to Reay H. Brown, M.D., Emory University 
School of Medicine, Department of Ophthalmology, 1327 
Clifton Rd. N.E., Atlanta, GA 30322. 

Tissue plasminogen activator is a naturally 
occurring serine protease with clot-specific fi- 
brinolytic activity. It is manufacturable by re- 
combinant DNA technology and widely known 
for its use in acute coronary thrombolysis. 
Potentially useful ophthalmic applications 
have been studied in a rabbit model and in- 
clude the lysis of hyphemas,! as well as intra- 
cameral’ and intravitreal? fibrinolysis. It has 
also been used in conjunction with a laser 
sclerostomy to delay aqueous humor filtration 
failure in an animal model (G. J. Jaffe, unpub- 
lished data). More recently, intraocular tissue 
plasminogen activator has been effectively ap- 
plied to treat selected patients for severe fibrin 
formation after vitrectomy surgery. We used 
tissue plasminogen activator, via subconjuncti- 
val injection, to lyse a dense hemorrhagic clot 
successfully that was obstructing a glaucoma 
filtering site. 

A monocular, pseudophakic 61-year-old 
woman with uncontrolled glaucoma under- 


went an uncomplicated trabeculectomy. On 
postoperative day 1, an exuberant diffuse bleb 
was noted and intraocular pressure by applana- 
tion tonometry was 4 mm Hg. A regimen 
of daily subconjunctival injections of 5- 
fluorouracil was begun. Intraocular pressure 
on postoperative day 2 was 1 mm Hg, without a 
wound leak on Seidel testing. A diffuse hemor- 
rhage was present within the bleb on postoper- 
ative day 3, with a dark clot centered directly 
over the trabeculectomy flap. Circulating red 
blood cells were evident in the anterior cham- 
ber and the intraocular pressure had risen to 35 
mm Hg. Over the next three days, the intraocu- 
lar pressure reached as high as 42 mm Hg. Firm 
digital compression on the eye was not success- 
ful in significantly reducing the pressure. 

On postoperative day 6, after obtaining in- 
formed consent, 25 ug of human recombinant 
tissue plasminogen activator (0.1 cc of 250 pg 
per cubic centimeter of solution) was instilled 
subconjunctivally into the thrombus directly 
over the trabeculectomy site. Reexamination 
four hours later demonstrated a marked light- 
ening of the previously black clot. Intraocular 
pressure by applanation was 36 mm Hg. 

The next morning, less than 24 hours after 
the tissue plasminogen activator injection, only 
traces of clot were noted in the bleb and the 


‘scleral flap sutures were easily discernible 


through the conjunctiva. Intraocular pressure 
was 40 mm Hg. After ten seconds of digital 
compression, the bleb became more elevated 
and the pressure was reduced to 10 mm Hg. 
Repeat examination one, two, and three days 
later showed a moderately elevated diffuse bleb 
without evidence of thrombus. Best-corrected 
visual acuity was 20/30 and intraocular pres- 
sure ranged from 10 to 14 mm Hg. 
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Tissue plasminogen activator appeared to 
salvage the bleb in this case by lysing the 
thrombus that was obstructing filtration. With- 
out tissue plasminogen activator, the patient 
may have required the reopening of the con- 
junctival wound to remove the clot. Hemor- 
rhage within a bleb often will resolve spontane- 
ously and may be compatible with ongoing 
filtration. However, in this case, because of the 
persistently increased intraocular pressure and 
the extent of the dark clot, we were pessimistic 
that filtration would resume without surgical 
intervention. 

By forming a complex with a fibrin clot, 
tissue plasminogen activator activates plasmin- 
ogen into plasmin on the clot surface. Plasmin 
disrupts fibrin into soluble degradation prod- 
ucts. Animal studies of corneal thickness, in- 
traocular pressure, inflammatory response, 
and cataract formation have not shown signifi- 
cant toxicity with tissue plasminogen activa- 
tor.!2 Single doses of intravitreal tissue plas- 
minogen activator, as high as 25 pg, have 
shown no retinal toxicity in the rabbit.* Further- 
more, similar doses have been injected intra- 
camerally into the eyes of aphakic patients 
without complications.‘ The specificity and 
purity of tissue plasminogen activator'’ appear 
to allow its safe and effective use in a variety of 
ophthalmic settings, including the lysis of a 
thrombus within a glaucoma filtering bleb. 
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The association of congenital glaucoma with 
chromosomal abnormalities has been previous- 
ly reported.'* We examined a patient with con- 
genital glaucoma, dysmorphic features, and a 
chromosome 16 abnormality. 

A 21-month-old girl was referred to the Pedi- 
atric Ophthalmology Division of our institution 
because of photophobia. She was the product 
of a full-term pregnancy, born by spontaneous 
vaginal delivery. At birth she weighed 7 lb 11 
oz and measured 19 inches. At age 5 months, 
she was examined for a cardiac murmur. There 
were no signs of cyanosis or congestive heart 
failure. 

At 21 months she sat with support but was 
unable to speak or walk. At age 41⁄2 years, she 
was able to pull herself upright and walk with 
some support. Her vocabulary consisted of 
only a few words. Overall development was 
noted to be at the 1-year level. 

At age 4% years she was 39 inches tall (10th 
percentile), weighed 30 kg (<5th percentile), 
and had a head circumference of 46.5 cm (<5th 
percentile). Her ears were low set and her nose 
was wide with a flat base. Inner nipple distance 
to chest circumference ratio was at the 50th 
percentile. Examination of the extremities 
showed clinodactyly of the fifth digits of both 
hands and ulnar deviation of the proximal 
inner phalangeal joints of digits 2 and 3. The 
feet had bilateral webbing between the first and 
second toes, with medial deviation of the right 
fourth and fifth digits and left fifth digit. 

On initial ophthalmologic examination at age 
21 months her vision was central, steady, and 
maintained in each eye. Horizontal corneal di- 
ameter was 15.5 mm on the right and 14.8 mm 
on the left. Breaks in Descemet’s membrane 
were seen and the anterior chamber was deep. 
The cup/disk ratio was 0.7 in the right eye and 


626 AMERICAN JOURNAL OF OPHTHALMOLOGY 


November, 1988 


TT Se 


0.6 in the left eye. Cycloplegic refraction was 
—13.00 sphere on the right and —11.00 sphere 
on the left. Examination after administration of 
anesthesia demonstrated an intraocular pres- 
sure of R.E.: 40 mm Hg and L.E.: 39 mm Hg. 
Several surgical procedures for glaucoma, in- 
cluding a trabeculotomy in both eyes followed 
by three trabeculectomies in the right eye and 
one in the left eye, were performed over a 
two-year period. At her most recent examina- 
tion at 4 years of age, intraocular pressure was 
R.E.: 18 mm Hg and L.E.: 12 mm Hg. Horizon- 
tal corneal diameters were 15.5 mm on the right 
and 15.0 mm on the left, with no change in the 
optic nerve cup/disk ratio. The cornea was clear 
and the refractive error was unchanged. Chro- 
mosomal analysis by Giemsa stain and G-band 
analysis disclosed an unbalanced karyotype 
containing a chromosome 16 with additional 
material on the short arm [46, XX, der(16)t 
(16;?)(p13.3;?)] (Figure). Results of chromoso- 
mal analysis of her parents were normal. 
Congenital glaucoma in association with 
chromosomal abnormalities has been infre- 
quently reported.* Glaucoma in these patients 
can be associated with dysmorphic features, 





multisystem abnormalities, developmental 
te a 
i ; 
Bo å Me 
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delay, and abnormal results of cytogenetic 
tests. By definition, although the ocular ap- 
pearance may be identical, primary congenital 
glaucoma has no extraocular manifestation. 
The associated findings of developmental 
delay, several dysmorphic features, and con- 
genital glaucoma prompted a chromosomal 
analysis in our patient. 

Reciprocal balanced translocations are 
known to be associated with a higher incidence 
of mental retardation or congenital malforma- 
tions when compared to the general popula- 
tion. Both occurrences might suggest further 
investigation of the 16p13 site using molecular 
genetic techniques in patients with congenital 
glaucoma. Other chromosomal abnormalities 
associated with congenital glaucoma have been 
reported on chromosomes 10, 11, 13, 14, 18, 
and 21.° 
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Figure (Stambolian and associates). Representative G-banding karyotype of proband showing 
46,XX,der(16)t(16;?)(p31.3;?). Arrow identifies the chromosome 16 with additional DNA. 
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Although there have been some reports con- 
cerning in vivo observation of the corneal epi- 
thelium with a specular microscope, ™ there are 
fewer qualitative and quantitative studies of 
the epithelium than of the endothelium. One 
reason for this is the difficulty in taking epithe- 
lial pictures using a specular microscope. Light 
scattering from the anterior surface of the ob- 
jective lens triggers the specular reflex of the 
epithelium. The debris from the patient’s tears 
and the tears themselves blur the image. Two 
previous attempts to avoid this light scatter- 
ingt were not particularly successful. 

In order to facilitate taking epithelial specular 
microscopic pictures, I recently developed a 
specular microscope contact lens (Fig. 1). * This 
lens consists of two parts: a 0.2-mm thick base 
contact lens and a 6-mm diameter tunnel lens. 
These component lenses have the same base 
curve and are held together by surface tension. 





*The lens is manufactured by Rainbow Contactlens, 
Kojimachi 5-4, Chiyodaku, Tokyo, Japan 102. 





Fig. 1 (Tsubota). The contact lens for specular 
microscopic observation. The tunnel lens is attached 
to the base lens. The objective lens of the specular 
microscope is applied to the base lens through the 
tunnel lens as indicated by the arrow. 


Before inserting the lens, the eye is anesthe- 
tized with topical anesthetic. The base contact 
lens is then placed on the patient’s cornea. The 
eye is held open by the tunnel lens while the 
patient blinks the fellow eye. The objective lens 
of the wide-field specular microscope is applied 
to the base contact lens through the tunnel 
lens. During the examination, the examiner 
does not have to hold the patient’s eyelids 
open. The epithelial image is taken easily and 
quickly (Fig. 2). 





Fig. 2 (Tsubota). The specular microscopic image 
of the normal corneal epithelium photographed 
using the specular microscope lens. The borderlines 
of the cells are easily seen. Dark, intermediate, and 
white cells are clearly distinguished. In this photo- 
graph, the percentages of the three cells are 13.3%, 
63.3%, and 23.3%, respectively. The average 
(+ S.D.) cell sizes of the three cells are 821 + 258 pm’, 
908 + 323 pm?, and 712 + 375 pm’, respectively. 
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There are several advantages to using this 
lens: (1) the scattering of light from the surface 
of the objective lens is reduced by the 0.2-mm 
thickness of the base lens; (2) the patient’s tear 
mucus does not invade the interface between 
the objective lens and base lens because the 
tunnel lens seals off the inner space from its 
surroundings; (3) it takes time for the interface 
between the base lens and the corneal epitheli- 
um to become filled with tear mucus because 
the base lens fits the cornea and there are fewer 
tear movements; (4) epithelial damage by 
the objective lens can be avoided; and (5) periph- 
eral corneal images can be taken because 
the eyelids can be kept open regardless of the 
position of the globe, with the support of the 
tunnel lens. 
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Diagnostic indicators of Acanthamoeba kerati- 
tis include dendritiform epitheliopathy, patchy 
stromal infiltration with lacunar areas, a ring- 
shaped infiltrate, and perineuritis.! These signs 
can also occur during the course of other micro- 
bial or viral corneal diseases. We have seen 
small, refractile granules within the corneal 
stroma in patients subsequently confirmed to 
have Acanthamoeba‘keratitis. We recently docu- 
mented the appearance of these refractile cysts 
by specular microscopy. 

A 23-year-old myopic man who wore daily- 
wear soft contact lenses and used a preserved 
saline cleaner but no chemical or thermal disin- 
fection developed a red, irritated right eye that 
did not improve with patching. Presumed her- 
petic keratitis was treated with topical idoxuri- 
dine, and then vidarabine and prednisolone 
acetate. One month after the onset of symp- 
toms a ring infiltrate appeared, and he was 
referred for suspected Acanthamoeba keratitis. 
Visual acuity was 20/70. No lymphadenopathy 
was detected. A small epithelial defect overlay 
a portion of a ring-shaped stromal infiltrate 
(Fig. 1, top). Multiple small, refractile, 
crystalline-like granules were present within 
the central cornea, especially near the ring 
infiltrate in the deeper one third of the cornea. 
Specular micrography documented the pres- 
ence of these granular opacities within the 
central cornea, approximately 2 mm from the 
ring infiltrate (Fig. 1, bottom). Smears of corne- 
al scrapings showed amebic cysts, and A. poly- 
phaga (Fig. 2) was recovered on blood agar and 
nonnutrient agar with Escherichia coli overlay, 
as well as from the contact lens but not from 
any local water source. Initial therapy included 
propamidine isethionate, paromomycin, 16.6 
mg/ml, neomycin-dexamethasone, atropine, 
and oral ketoconazole. The medications were 
gradually tapered when reepithelialization and 
stromal clearing were noted. Follow-up specu- 
lar micrography six weeks after starting antimi- 
crobial therapy showed a marked reduction in 
the number of stromal granular opacities. Med- 
ications were further reduced, but an exacerba- 
tion of ocular pain occurred two weeks later. 
Increased numbers of deep stromal opacities 
were noted, and the frequency of topical medi- 
cations was increased, resulting in symptomat- 
ic improvement and marked reduction in the 
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Fig. 1 (Wilhelmus, McCulloch, and Osato). Top, 
Acanthamoeba keratitis with a ring infiltrate in a soft 
contact lens wearer. Bottom, Specular micrography 
shows multiple intrastromal refractile opacities. 
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Fig. 2 (Wilhelmus, McCulloch, and Osato). Micros- 
copy of corneal cultures shows A. polyphaga cysts, 
measuring 10 to 15 wm in diameter, and an occasional 
trophozoite (arrow) (Hoffmann modulation contrast, 
x 400). 





stromal granular opacities within two weeks. 
At six months, the patient continued to receive 
topical medical therapy, and visual acuity was 
20/100. 

The diagnosis of Acanthamoeba keratitis can 
be difficult. Watson? reported fine, discrete 
opacities aggregated in the anterior stroma ina 
patient with A. polyphaga keratitis. We also 
documented the presence of similar intrastro- 
mal dot-like, refractile opacities in a patient 
with Acanthamoeba keratitis. The opacities were 
most casily identified just central to the ring 
infiltrate and varied in shape from spherical to 
ellipsoid. Each appeared encapsulated by a 
silver-white shell that was brightly reflective 
with a faint polychromatic sheen. The diame- 
ters of the opacities, estimated by comparison 
with endothelial cells in the same cornea, were 
approximately 10 to 15 um, and corresponded 
in size to A. polyphaga cysts subsequently isolat- 
ed from corneal scrapings. The specular micro- 
scopic appearance of the refractile cysts was 
morphologically distinct from other corneal 
crystalline deposits.’ 

Specular microscopy provides a noninvasive 
“photographic biopsy” that can assist in the 
clinical evaluation of Acanthamoeba keratitis. 
The clinical recognition of apparent amebic 
cysts within the corneal stroma provides a spe- 
cific diagnostic clue that should prompt appro- 
priate laboratory confirmation. 
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In nine histologic sections of cornea from 
seven patients with macular corneal dystro- 
phy, we found that methenamine-silver stain- 





y. 


ing provided an excellent method of visualizing 
the intracellular and extracellular deposits of 
glycosaminoglycans and proteoglycans. The 
methenamine-silver technique depends on vis- 
ualization of reduced metallic silver crystals in 
silver-impregnated tissues.’ The sections to be 
stained were oxidized in chromic acid, impreg- 
nated in a warm methenamine-silver nitrate 
solution, toned with gold chloride solution, 
and counterstained with light green solution. 
The chromic acid may lead to the formation of 
aldehyde groups from polysaccharides and 
possibly to other reactive groups such as car- 
boxylic groups, phenols and sulphones from 
polysaccharides, lipids, or proteins. These 
groups are then presumed to reduce the silver 
ions to metallic silver as an argentaffin reac- 
tion.! 

Formalin-fixed, paraffin-embedded sections 
of cornea can be stained using this 
methenamine-silver technique. The incubation 
time for the methenamine-silver nitrate solu- 
tion should be tested in each laboratory with a 
known positive control to obtain minimal back- 
ground staining. In our laboratory, incubation 
at 60 C for 60 minutes produced good results. 
The counterstaining with the light green solu- 
tion should be adjusted to give as much tissue 
detail as possible. We used a counterstaining 
time of 60 seconds. This showed the deposits as 
crisp black masses and granules in their subepi- 





Figure (Johannsson and Jonasson). Left, Methenamine-silver staining of cornea with macular dystrophy. The 


deposits are seen as black granules in their subepithelial (A) and superficial stromal (B) locations (x 400). Right, 
Methenamine-silver staining of cornea showing deep stromal (B) and endothelial (C) deposits (X 400). 


Vol. 106, No. 5 


thelial, stromal, and endothelial locations (Fig- 
ure). 

We are not aware of any studies using 
Grocott’s methenamine-silver technique’ on 
histologic sections for this purpose, although 
periodic-acid-silver methenamine has been 
used for electron microscopy of corneal depos- 
its.’ Gomori‘ used methenamine-silver nitrate 
to visualize glycogen and mucin in tissue sec- 
tions. Grocott’s modification’ was reported as a 
“highly photogenic” method of staining fungi 
in tissue and has gained wide acceptance for 
staining fungi and other polysaccharide-rich 
microorganisms. 

We have found the methenamine-silver stain- 
ing method to be superior to the periodic-acid- 
Schiff, Alcian blue, colloidal iron, and tri- 
chrome staining methods in demonstrating the 
extracellular and intracellular deposits in mac- 
ular corneal dystrophy. 
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Two patients with a one-piece anterior cham- 
ber intraocular fixation lens erroneously placed 
backward in the anterior chamber developed 
uveitis that required lens removal or proper 
insertion. One patient with a similar mishap 
tolerated the lens well after prolonged postop- 
erative iritis and corneal edema. 

A 72-year-old man underwent an uncompli- 
cated intracapsular cataract extraction in the 
left eye. With a soft contact lens, visual acuity 
was 20/20. Five years later, the patient became 
intolerant of the contact lens and underwent a 
partial anterior vitrectomy and insertion of an 
85JM anterior chamber intraocular lens. Post- 
operatively repeated attempts to taper topical 
corticosteroids led to pain, photophobia, and 
decreased vision. When the patient -was first 
seen at our institution, he was receiving no 
ocular medications. Best-corrected visual acu- 
ity was 20/400. There were a few inflammatory 
cells and pigment together with flare in the 
anterior chamber. Inflammatory cells were seen 
on the anterior and posterior lens surfaces. The 
haptics and the optic of the intraocular lens 
bowed backward, touching the anterior iris 
stroma in the areas of the collarette and pupil- 
lary ruff. There was no improvement with in- 
tensive treatment with atropine sulfate 1% eye- 
drops, prednisolone acetate 1% eyedrops, and 
oral indomethacin. Three weeks later, the pa- 
tient underwent an uncomplicated removal of 
the anterior chamber lens and partial anterior 
vitrectomy. Six weeks after surgery, he re- 
quired no ocular medications. Best-corrected 
visual acuity was 20/25+1. 

A 60-year-old man underwent an uncompli- 
cated intracapsular cataract extraction ten years 
previously. The best-corrected visual acuity 
was 20/20. He gradually became intolerant of 
the contact lens and underwent a secondary 
anterior chamber intraocular lens implantation. 
When the patient was first seen at the LSU Eye 
Center three weeks after surgery, his best- 
corrected visual acuity was 20/80 and he com- 
plained of pain and photophobia. Results of 
slit-lamp examination showed a moderate num- 
ber of cells and flare in the anterior chamber. 
The anterior chamber intraocular lens was in- 
serted with the convexity of the optic facing the 
vitreous cavity. The inferior portion of the optic 
prevented constriction of the corresponding 
segment of the pupil. Ophthalmoscopy dis- 
closed cystoid macular edema. Cycloplegic and 
topical corticosteroid treatment for three weeks 
produced no improvement. The patient un- 
derwent a partial anterior vitrectomy and re- 
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insertion of the intraocular lens with correct 
orientation. Six months after surgery, the 
best-corrected visual acuity was 20/20. The eye 
was quiet and the intraocular lens was fixated 
and stable with no contact between the optic 
and the iris. 

A 56-year-old man underwent phacoemulsifi- 
cation complicated by posterior capsule rup- 
ture. An anterior vitrectomy was performed 
and an anterior chamber intraocular lens was 
inserted. The patient was treated postopera- 
tively with topical corticosteroids for a pro- 
longed episode of uveitis and corneal edema. 
When the patient was first seen here one year 
later, the best-corrected visual acuity was 
20/30+3. The cornea was clear and the convexi- 
ty of the optic of the intraocular lens faced the 
vitreous cavity. There was no contact between 
the implant and the iris and the eye was quiet. 

Anterior chamber lenses arch anteriorly to 
avoid contact with iris. When the anterior 
chamber lens is inserted backward, the lens 
arches posteriorly. In two of three such cases, 
iris irritation, pain, chronic inflammation, and 
decreased vision resulted." Removal of one 
intraocular lens and correct insertion of the 
other eliminated the complications. Each pa- 
tient did well postoperatively and attained visi- 
on of 20/25 and 20/20 respectively. We urge that 
the orientation of an anterior chamber lenses be 
checked under the microscope before implanta- 
tion. The lens is oriented correctly when the 
intraocular lens haptics and the optic arch an- 
teriorly, the curved haptics form an S curve, 
and the dioptric power of the lens can be read 


properly. 





References 





1. Apple, D. J., Mamalis, N., Loftfield, K., Googe, 
J. M., Novak, L. C., Karka-Van Norman, D., Brady, 
S. E., and Olson, R. J.: Complications of intraocular 
lenses. A historical and histologic review. Surv. 
Ophthalmol. 29:1, 1984. 

2. McDonnell, P. J., and Green, W. R.: Intraocular 
lenses. Histopathologic characteristics of a series of 
autopsy eyes. Surv. Ophthalmol. 30:1, 1985. 

3. Lieppman, M. E.: Intermittent visual “white 
out.” A new intraocular lens complication. Ophthal- 
mology 89:109, 1982. 

4. Miyake, K., Asakula, M., and Kobayashi, H.: 
Effect of intraocular lens fixation on the blood- 
aqueous barrier. Am. J. Ophthalmol. 98:451, 1984. 








Citrobacter diversus 
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A 77-year-old man was first seen because of a 
central, sterile corneal ulcer in his left eye. The 
patient had undergone cataract extraction in 
1969. 

Following a penetrating keratoplasty in No- 
vember 1987 the patient did well, with a clear 
graft and visual acuity of 20/200. In December 
1987, the patient was examined for pain in his 
left eye. Slit-lamp examination demonstrated a 
50% hypopyon and a corneal infiltrate super- 
otemporally at the suture site. 

A pars plana vitrectomy was performed and 
cultures of the vitreous, anterior chamber, and 
cornea were obtained. Fourteen weeks postop- 
eratively the corneal infiltrate had resolved and 
the corneal transplant was clear, with a central 
thickness of 0.54 mm. Visual acuity was 20/400 
without correction. Cultures of the aspirated 
aqueous and vitreous humor grew Citrobacter 
diversus. 

The genus Citrobacter, including C. freundii 
and C. diversus, is a distinct group of aerobic, 
gram-negative bacilli commonly found in 
water, soil, food, and the intestinal tracts of 
animals and humans.' They are generally not a 
common cause of serious disease in humans, 
accounting for less than 1% of all bacteremias. 
Citrobacter diversus is most commonly isolated 
from urine and the respiratory tract.” 

The endophthalmitis caused by C. diversus 
occurred in our patient in the absence of an 
apparent primary source. The patient showed 
no evidence of bacteremia by aqueous and 
vitreous cultures. Cultures of the donor rim 
and storage fluid (McCarey-Kaufman medium) 
were negative. 

Citrobacter isolates are susceptible to a variety 
of antibiotics. Drelichman and Band! found 
that strains of C. diversus were uniformly resis- 
tant to ampicillin and carbenicillin, but highly 
susceptible to cephalothin, whereas strains of 
C. freundii were frequently susceptible to ampi- 
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cillin and carbenicillin, and uniformly resistant 
to cephalothin. 
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Hessburg-Barron Vacuum Trephine 


Jeffrey P. Gilbard, M.D., 
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Eccentric trephination of the host cornea dur- 
ing corneal transplantation is known to in- 
crease the risk of tissue rejection.! It is there- 
fore desirable to center the trephine blade on 
the host cornea. This is done most easily with 
manual trephines that permit direct visualiza- 
tion of the cornea peripheral to the blade. 
Unfortunately, manual methods of trephining 
may produce oval recipient beds.? The 
Hessburg-Barron vacuum trephine has been 
shown to minimize this problem,’ and has be- 
come our choice for trephination. 








-i -> 


Fig. 1 (Gilbard and Rossi). Centering de 
right adjacent to Hessburg-Barron trephine. 


vice on 








Fig. 2 (Gilbard and Rossi). Centering device insert- 
ed in Hessburg-Barron trephine. Cross-hairs can be 
seen at bottom. 


We encountered a problem centering the 
Hessburg-Barron trephine blade on the host 
cornea. Because the suction chamber sur- 
rounds the blade, a view of the host cornea 
immediately peripheral to the blade is blocked, 
making centration more difficult. Lane and as- 
sociates* previously described a technique in 
which a radial keratotomy optical zone marker 
was used to make a circular mark on the host 
bed in the attempt to make centration easier. 

We designed a simple insert that fits within 
the Hessburg-Barron vacuum trephine (Fig. 1). 
The anatomic center of the host cornea is deter- 
mined by measuring horizontal and vertical 
diameters and then marking the cornea (usual- 
ly with a light burn) at the intersection of the 
respective radii. The cross-hairs of the insert 
are then used to place the vacuum trephine 
(Fig. 2). 

We have found this insert simple to use, 
unobtrusive, and helpful during corneal trans- 
plantation. 
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Posterior Chamber Hemorrhage 
During Strabismus Surgery 
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Most strabismologists agree that an unde- 
tected perforation of the sclera does occur dur- 
ing strabismus surgery.’ Known perforations 
are usually heralded by a small piece of uvea or 
a bead of vitreous on the tip of the suture 
needle. We examined a patient who developed 
posterior chamber hemorrhage during strabis- 
mus surgery without other signs of scleral per- 
foration. 

An 18-year-old man was examined for a 48- 
prism diopter alternating exotropia at both dis- 
tance and near. Visual acuity was 20/20 in both 
eyes. Results of the remainder of the ocular 
examination were unremarkable. The patient 
underwent an 8-mm resection of his left medial 
rectus muscle combined with an 8-mm reces- 
sion of his left lateral rectus muscle using an 
adjustable 5-0 Vicryl suture. Bridle sutures 
were placed through episcleral fibers at the 12 
and 6 o'clock positions near the corneoscleral 
limbus at the beginning of the procedure. Be- 
fore removal of the bridle suture at the end of 
the surgery, a small amount of blood was seen 
on the temporal margin of the pupil. Indirect 
ophthalmoscopy of the left eye demonstrated a 
fresh vitreous hemorrhage extending from the 
1 to the 4 o’clock positions. The retina and 


ciliary body underneath the hemorrhage were 
obscured from view. The remainder of the reti- 
na was normal. 

By postoperative day 1, the vitreous hemor- 
rhage had resolved. A large choroidal detach- 
ment was observed extending from the pars 
plana to the equator and from the 1 to the 5 
o'clock positions. No retinal tears or holes were 
observed. The patient’s ocular alignment was 
adjusted so that he was orthophoric at distance 
and had less than 4 prism diopters of exotropia 
at near. The choroidal detachment slowly re- 
solved and the postoperative course was unre- 
markable for one week, at which time a fresh 
vitreous hemorrhage appeared in the left eye at 
the same location as the original hemorrhage. 
The patient was admitted to the hospital for 
strict bed rest and a five-day course of oral 
aminocaproic acid therapy, 5 g, every four 
hours. The new hemorrhage resolved several 
weeks later without sequelae. 

Examination one year postoperatively dem- 
onstrated orthotropia at distance and near. An 
organized, subretinal scar was present in the 
area of the insertion of the left lateral rectus 
muscle. 

Gottleib and Castro’ also reported a posterior 
chamber hemorrhage appearing as the only 
sign of scleral perforation during strabismus 
surgery. Perforation of the retina during stra- 
bismus surgery is generally benign, with the 
incidence of retinal detachment being on the 
order of one in 10,000 and the incidence of 
endophthalmitis estimated to be less than one 
in 3,000.’ Tractional retinal detachments secon- 
dary to organizing vitreal hemorrhage are con- 
sidered the major mechanism of detachment in 
this setting.” Some authors recommend that 
clinically evident intraoperative retinal perfora- 
tions be surrounded by diathermy or cryothera- 
py.' Others, however, have suggested that ex- 
cessive cryotherapy in itself may lead to retinal 
detachment.* 








References 





1. Wagner, R. S., and Nelson, L. R.: Complica- 
tions following strabismus surgery. Int. Ophthal- 
mol. Clin. 25:171, 1985. 

2. Gottlieb, F., and Castro, J.: Perforation of the 
globe during strabismus surgery. Arch. Ophthalmol. 
84:151, 1970. 

3. Teng, C. C., and Chi, H. H.: Vitreous changes 


Vol. 106, No. 5 


Letters to the Journal 635 


ee eee 


and the mechanism of retinal detachment. Am. J. 
Ophthalmol. 44:335, 1957. 

4. Mittelman, D., and Bakos, I. M.: The role of 
retinal cryopexy in the management of experimental 
perforation of the eye during strabismus surgery. J. 
Pediatr. Ophthalmol. Strabismus 21:186, 1984. 








Lacrimal Intubation During 
Dacryocystorhinostomy 


George B. Bartley, M.D. 


Department of Ophthalmology, Mayo Clinic and 
Mayo Foundation. 


Inquiries to George B. Bartley, M.D., Department of 
Ophthalmology, Mayo Clinic and Mayo Foundation, 
Rochester, MN 55905. 

Intubation of the lacrimal drainage system 
with silicone tubing is a useful accompaniment 
to dacryocystorhinostomy, particularly if ex- 
cessive postoperative scarring is expected or if 
canalicular stenosis is present.' The intubation 
sets most commonly used today are those de- 
signed by Crawford? and Guibor.* The metal 
probes to which the silicone tubing is attached 
measure approximately 114 and 177 mm for the 
Crawford and Guibor tubes, respectively, and 
are nonmalleable. The length and rigidity of 
the probes make them ideal for nonvisualized 
intubation of the nasolacrimal duct, for exam- 
ple, in congenital dacryostenosis. For intuba- 
tion of the lacrimal system during dac- 
ryocystorhinostomy, however, the long probes 
occasionally can be cumbersome and may sub- 
ject the canaliculi to excessive stretching, espe- 
cially in patients with a prominent eyebrow. 

We designed a dacryocystorhinostomy intu- 
bation set* that consists of two 75-mm sterling 
silver probes bonded by silicone adhesive to 
300 mm of 0.64-mm (outside diameter) Silastic 
tubing. The silver probes are easily malleable, 
and the distal 4 mm are contoured so that the 
Silastic tubing is flush with the probe. Passage 
of the probes through the canaliculi and into 
the dacryocystorhinostomy is rapid and atrau- 
matic, and is often facilitated by bending the 
probe into a gentle curve. A hemostat or a 
grooved director can be inserted through the 
naris to receive the probe in the dac- 








* Available from Storz Instrument Company, 3365 Tree 
Court Industrial Blvd., St. Louis, MO 63122; #SP7- 
32871. 


ryocystorhinostomy so that passage through 
the nose is accomplished with no risk of inad- 
vertent damage to the nasal septum. The sili- 
cone tube ends are tied with several knots and 
secured with a Watzke sleeve. Although the 
weight of the knots and sleeve usually is suffi- 
cient to keep the tubing in proper position, 
added security against lateral migration can be 
gained by tying a silk suture around the tubes 
just medial to their emergence through the 
common canaliculus.* 

I have used this lacrimal intubation set in 75 
dacryocystorhinostomies over the past two 
years and have been pleased with its ease of 
insertion. 


ACKNOWLEDGMENT 
Joyce Miller, R.N., assisted in the develop- 
ment of the lacrimal intubation set. 


References 





1. Quickert, M. H., and Dryden, R. M.: Probes for 
intubation in lacrimal drainage. Trans. Am. Acad. 
Ophthalmol. Otolaryngol. 74:431, 1970. 

2. Crawford, J. S.: Intubation of obstructions in 
the lacrimal system. Can. J. Ophthalmol. 12:289, 
1977. 

3. Guibor, P.: Canaliculus intubation set. Trans. 
Am. Acad. Ophthalmol. Otolaryngol. 79:419, 1975. 

4. Putterman, A. M.: Basic oculoplastic surgery. 
In Peyman, G. A., Saunders, D. R., and Goldberg, 
M. F. (eds.): Principles and Practice of Ophthalmolo- 
gy. Philadelphia, W. B. Saunders Co., 1980, pp. 
2286-2287. 


Lipocauterization and Thermal 
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Removing fat in blepharoplasty procedures is 
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usually done by either grasping the base of the 
fat pad with a hemostat, shaving off the fat, 
and cauterizing the stumps within the hemo- 
stat, or by merely excising the protruding fat 
and cauterizing the cut edges.! The latter meth- 
od can be done with a monopolar, bipolar, or 
disposable cautery. The bipolar has the advan- 
tage of functioning in a wet environment and 
not requiring grounding of the patient. The 
level and the intensity of the bipolar burn is 
more controlled than that of the disposable 
cautery. Bipolar cauterization is also preferred 
because many patients experience deep orbital 
pain when monopolar (Bovie) or hot wire dis- 
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Fig. 1 (Leone and Glover). Top, The protruding fat 
is grasped with the activated tips of the bipolar 
cautery, which shrinks the fat. Bottom, The fat is 
lipocauterized to the level of the superior rim across 
the eyelid. 


posable cauterization is used. Moreover, there 
is the potential for proximal tissue damage if 
electric current is transmitted along blood ves- 
sels or by direct transfer of heat.? 

We have been removing large protruding fat 
pads with scissors, then using the bipolar cau- 
tery with a setting of 0.58 amps to dissolve any 
remaining fat, thus shrinking it to the level of 
the superior rim in the upper eyelid and the 
inferior rim in the lower eyelid (Fig. 1). This 
technique of lipocauterization can also be used 
on small fat pads without excising them, thus 
reducing the chance of bleeding. The cautery 
virtually dissolves the fat; however, it is neces- 
sary to release the tips of the bipolar from the 
cauterized fat with the cotton-tipped applicator 
as they have a tendency to adhere. This tech- 
nique is particularly useful in the medial upper 
eyelid where it is sometimes more difficult to 
judge how much fat to remove. Moreover, 
“fishing” for fat can result in excessive removal 
or retraction of fat with an open blood vessel. 
In the lower eyelid, the same level of fat in 
relationship to the inferior rim can be achieved 
by lipocauterizing asymmetric areas. As the fat 
lobules shrink, the vessels within them are also 
coagulated. 

In situations where a more definite crease is 
desired in the upper eyelid, we have used a 
technique of bipolar thermal fixation of the 
skin-orbicularis muscle layer to the epitarsal 
tissue. The tips of the cautery grasp the orbicu- 
laris muscle just below the inferior skin edge, 
and a moderate burn is placed every 2 mm 
across the eyelid, thus bonding the layers (Fig. 
2). We do both sides simultaneously to make 
certain that fixation is done at the same level. 





Fig. 2 (Leone and Glover). The orbicularis muscle 
between the skin and epitarsal tissue is gently cau- 
terized every 2 mm across the upper eyelid, thus 
coapting the tissues. 
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This technique is not recommended in cases 
where an eyelid crease must be reconstructed 
de novo, such as in congenital blepharoptosis 
and westernization of the oriental eyelid. 

We have used both lipocauterization and 
thermal fixation for three years with no compli- 
cations. These procedures minimize fat and 
tissue manipulation and reduce the chances of 
bleeding. A knowledge and familiarity with the 
bipolar cautery is necessary to prevent exces- 
sive tissue destruction. 
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The Effect of Omitting Botulinum Toxin 
From the Lower Eyelid in 
Blepharospasm Treatment 


EDITOR: 

In the article “The effect of omitting 
botulinum toxin from the lower eyelid in 
blepharospasm treatment” by B. R. Frueh, 
C. C. Nelson, J. F. Kapustiak, and D. C. 
Musch (Am. J. Ophthalmol. 106:45, July 
1988), the only stated advantage of omitting 
injection of botulinum toxin into the lower 
eyelids is the avoidance of inferior oblique 
muscle paresis and secondary diplopia. An- 
other advantage that should be considered is 
the avoidance of possible lower eyelid malpo- 


sition (sagging, entropion, or ectropion), as 
pointed out in 1985 by Scott, Kennedy, and 
Stubbs. In following the recommendations of 
Drs. Frueh, Scott and their colleagues I have 
avoided botulinum toxin injection into the 
lower eyelid in the treatment of blepharo- 
spasm, and I have yet to see a single instance 
of lower eyelid malposition, troublesome 
epiphora, or diplopia. Although Frueh and 
colleagues designed their study in a prospec- 
tive randomized manner, perhaps a retrospec- 
tive analysis of their data could compare the 
incidence of eyelid malposition or symptoms 
from eyelid flaccidity. 

DAVID M. REIFLER, M.D. 

Grand Rapids, Michigan 
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Reply 


EDITOR: 

We agree with Dr. Reifler that avoiding in- 
jection of botulinum toxin into the lower eye- 
lid does prevent orbicularis muscle flaccidity 
in the lower eyelid that can lead to ectropion 
in a small segment of elderly patients with 
facial spasm. Because the incidence of diplo- 
pia in the present study was four times great- 
er than the incidence of ectropion found pre- 
viously,’ and because it seemed to be more 
troublesome for the patient when it occurred, 
the concern that prompted the present study 
was diplopia. 

In accord with Dr. Reifler’s observation, ec- 
tropion has not been seen after botulinum 
toxin injection either in the patients described 
or in the more than 100 patients we have sub- 
sequently treated, many having received mul- 
tiple series of botulinum toxin injections with 
toxin omitted from the central and medial 
lower eyelids. Avoidance of ectropion is in- 
deed an additional benefit of avoiding lower 
eyelid injection. 

BARTLEY R. FRUEH, M.D. 
CHRISTINE C. NELSON, M.D. 
JAMES F. KAPUSTIAK, M.D. 
DAVID C. MUSCH, Ph.D. 
Ann Arbor, Michigan 
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Infantile Glaucoma in Down’s Syndrome 
(Trisomy 21) 


EDITOR: 

In the article “Infantile glaucoma in Down’s 
syndrome (Trisomy 21)” by E. I. Traboulsi, E. 
Levine, M. B. Mets, E. S. Parelhoff, J. F. 
O’Neill, and D. E. Gaasterland (Am. J. Oph- 
thalmol. 105:389, April 1988), two important 
issues remain unclear. 

Infantile congenital glaucoma is not an ab- 
normality like cataract or keratoconus. The 
appropriate abnormality in the actual context 
is goniodysgenesis, the origin of congenital 
glaucoma. The omission of this key concept 
inevitably leads to confusion in the subse- 
quent consideration of heredity. 

Inherited infantile congenital glaucoma is 
caused by genetic goniodysgenesis, which is 
usually autosomal dominant. The literature 
contains several examples of dominant gonio- 
dysgenesis with glaucoma. In 1970 I described 
a child from a large family who was born with 
Down’s syndrome and large hazy corneas.’ 
Intraocular pressure was R.E.: 25 mm Hg and 
L.E.: 26 mm Hg. Congenital glaucoma was 
diagnosed. This pedigree thus appears to be 
analogous to that described by Bardelli, Had- 
jistilianou, and Trezzotti,? which was referred 
to by the authors. In both pedigrees, one spo- 
radic case of Down’s syndrome occurred 
against a background of family glaucoma with 
dominant goniodysgenesis. 

Finally, the conclusion that sporadic cases 
of Down’s syndrome with infantile congenital 
glaucoma would add further evidence to the 
genetic heterogeneity of the latter seems 
somewhat hasty. 

TORD JERNDAL, M.D. 
Gothenburg, Sweden 
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Reply 


EDITOR: 

Dr. Jerndal described a large family with 
anterior segment dysgenesis (abnormal angle 
structures, iris hypoplasia, corectopia), that 
he referred to as goniodysgenesis, and juve- 
nile glaucoma.’ The association between ante- 
rior segment dysgenesis and juvenile glauco- 
ma is well known. Anterior segment 
dysgenesis is inherited in an autosomal domi- 
nant fashion. Inherited infantile glaucoma, on 
the other hand, is generally autosomal reces- 
sive and is presumably the result of a single 
gene defect, but dominant, multifactorial, and 
sporadic cases of infantile glaucoma also oc- 
cur.?? The pathogenesis of infantile glaucoma 
is thought to be the result of trabeculodys- 
genesis or goniodysgenesis in the sense that 
the filtering angle structures are formed ab- 
normally and no gross abnormalities of the 
iris are found. Dr. Jerndal’s patients and 
other patients with what we now call anterior 
segment dysgenesis all have iris abnormali- 
ties. 

One patient in the family described by Dr. 
Jerndal' had Down’s syndrome and congenital 
glaucoma. If this patient had also inherited 
the abnormal gene for anterior segment dys- 
genesis, he would, in our opinion, have two 
predisposing factors for glaucoma: anterior 
segment dysgenesis and the malformation of 
the angle tissues presumably caused by the 
trisomic state. Indeed, this patient was one of 
only two among many patients in this family 
who had infantile glaucoma; in the others, 
glaucoma developed in the teens, 20s, or later 
in life. 

In response to Dr. Jerndal’s criticism of our 
conclusion that the finding of infantile glauco- 
ma in some patients with Down’s syndrome 
adds further evidence to the genetic heteroge- 
neity of the former, we continue to believe 
that abnormal development of the filtration 
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angle may result from a variety of chromoso- 
mal or single gene abnormalities. For exam- 
ple, a trisomic state may produce two copies 
of a “recessive” gene that would lead to the 
abnormal developmental defect. 
ELIAS I. TRABOULSI, M.D. 
ELLIOT LEVINE, M.D. 
Washington, D.C. 
MARILYN B. METS, M.D. 
Chicago, Illinois 
EDWARD S. PARELHOFF, M.D. 
JOHN F. O'NEILL, M.D. 
DOUGLAS E. GAASTERLAND, M.D. 
Washington, D.C. 
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Normal a-L-Fucosidase and Other 
Lysosomal Enzyme Activities in 
Progressive Cone Dystrophy 


EDITOR: 

In the article, ‘Normal a-L-fucosidase and 
other lysosomal enzyme activities in progres- 
sive cone dystrophy” by V. D. Stoumbos, R. 
G. Weleber, and N. G. Kennaway (Am. J. 
Ophthalmol. 106:11, July 1988), the authors 
cite our article! and state that “the previous 
observation of low fucosidase activity may 
have been spurious.” 

Since the publication of our paper, we have 
examined five other patients with cone dys- 
trophy, but we failed to find low fucosidase 
activity. We conducted further biochemical 
examination of the previously described pa- 
tient (Case 1), and an abnormal serum pH- 
enzyme activity curve and an increased 
amount of fucose-containing substances ex- 
creted in the urine were observed (unpub- 
lished data). Therefore, a deficiency of an iso- 


zyme and abnormal fucose metabolism may 
be strongly suggested in this patient. We also 
found that a-L-fucosidase activity was higher 
in the macula than in other areas of normal 
human retina and choroid.’ Cone function in 
the macula may be predominantly affected in 
the enzyme deficiency. Symptoms develop oc- 
casionally in heterozygous individuals or in- 
dividuals with low enzyme activity; for exam- 
ple, presenile cataract in patients with a half 
galactokinase activity and an episode of un- 
consciousness in young adult patients with 
10% to 20% activity of argininosuccinate syn- 
thetase.* 

We believe that cone dystrophy is heteroge- 
neous, that concurrence of cone dystrophy 
and low a-L-fucosidase activity may be un- 
common, that the low activity in our patients 
is not spurious, and that the relationship be- 
tween the low enzyme activity and the patho- 
genesis of the disease should be further stud- 
ied. 

SEIJI HAYASAKA, M.D. 
Izumo, Japan 

HITOSHI OKABE, M.D. 
Sendai, Japan 

KATSUYOSHI MIZUNO, M.D. 
Gifu, Japan 
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Reply 








EDITOR: 
We appreciate the comments of Drs. Haya- 
saka, Okabe, and Mizuno and the additional 
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biochemical information on their patient with 
unusual cone dystrophy. Our article was not 
intended to discredit the previous findings, 
but to report that an association between low 
a-L-fucosidase activity and cone dystrophy is 
not common and an etiologic link has not 
been established. Given the prominence of 
fucosylated proteins and fucosidase activity 
in the human macula, a relationship between 
low enzyme activity and cone dystrophy is 
theoretically possible. From our data, howev- 
er, such a relationship appears to be rare, if it 
does indeed exist, since we could not confirm 
low enzyme levels in any of our 23 patients 
with cone dystrophy. It would be of interest 
to study family members of Hayasaka and as- 
sociates’ original two patients! with low a-L- 
fucosidase activity and cone dystrophy for ev- 
idence of similar anomalies in fucosidase 
activity. Such a finding with evidence of cone 
dystrophy would strengthen the possibility 
that the enzyme deficiency is related to the 
retinal disease. Conversely, if other family 
members are found to be deficient without 
retinal disease, then the association may be 
fortuitous. We believe it is necessary to estab- 
lish that an association is consistent, and not 
coincidental, before pathogenetic mechanisms 
are inferred. 
VASILIKI D. STOUMBOS, M.D. 
RICHARD G. WELEBER, M.D. 
NANCY G. KENNAWAY, D. PHIL. 
Portland, Oregon 
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Predictors of Scleral Rupture and the 
Role of Vitrectomy in Severe Blunt 
Ocular Trauma—Correction 


EDITOR: 

In the preparation of our article ‘Predictors 
of scleral rupture and the role of vitrectomy 
in severe blunt ocular trauma” (Am. J. Oph- 
thalmol., 105:253, March 1988), we made an 
inadvertent spelling error. In the first three 
references and on page 253, Dr. Paul M. H. 
Cherry’s name was misspelled Cheery. We 
apologize for the error. 

STEPHEN R. RUSSELL, M.D. 
KARL R. OLSEN, M.D. 
Miami, Florida 

JAMES C. FOLK, M.D. 

Iowa City, lowa 











BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 





The Cornea. Transactions of the World Con- 
gress on the Cornea, Ill. Edited by H. Dwight 
Cavanagh. New York, Raven Press, 1988. 672 
pages, index, illustrated. $110 


Reviewed by ALAN SUGAR 
Ann Arbor, Michigan 


This volume documents extensively the pro- 
ceedings of the Third World Congress on the 
Cornea, held in the spring of 1987. It contains 
over 100 chapters by more than 225 contribu- 
tors. In contrast, the proceedings of the First 
World Congress published in 1965 had 59 chap- 
ters and 78 contributors. Both volumes includ- 
ed most leaders in cornea and external disease 
at the time. The differences, however, are more 
than just a change of generations, they high- 
light a change in emphasis and methods. This 
change is from simple reporting of clinical ex- 
perience to the clinical and laboratory applica- 
tion of scientific approaches to corneal prob- 
lems. It represents the growth and the 
maturation of “cornea” as a subspecialty, and 
of ophthalmology in general. 

The objective of this book was to ‘‘dissemi- 
nate our current technological expertise.” It 
does so with sophisticated, detailed, well- 
referenced reports of narrowly defined topics. 
Many chapters describe the current state of 
knowledge, others report specific research re- 
sults. Relatively few are purely clinical descrip- 
tions. With the limitation of the subjects pre- 
sented at the congress, coverage and quality 
are varied and somewhat random. The range of 
subjects, however, is broad, from “Mechanics 
of the cornea” (David Maurice) to an excellent 
description of ‘Development and evaluation of 
corneal surgical procedures” (George Waring), 
and from “Management of Acanthamoeba kerati- 
tis” (Mary Beth Moore) to “Gene therapy: Is it 
feasible?” (Joram Piatigorsky). Illustrations are 
of high quality and numerous. 

While this is not a textbook on the cornea, 
nor a manual for most clinical ophthalmolo- 
gists, it contains much valuable information. It 
will be a useful reference for ophthalmologists 
in all fields seeking answers to corneal prob- 
lems, but will be particularly beneficial to the 
many working in the varied and exciting areas 
of corneal research. 
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The History of Ophthalmology, vol. 8b: The 
First Half of the Nineteenth Century (Part 
Five). By Julius Hirschberg. Translated by Fred- 
erick C. Blodi. Bonn, J. P. Wayenborgh Verlag, 
1988. 3,232 pages, index, illustrated. $98 per 
volume (Series Subscription) 


Reviewed by FRANK W. NEWELL 
Chicago, Illinois 


Each additional volume of Blodi’s masterful 
translation of Hirschberg’s History of Ophthal- 
mology gives great joy. Blodi provides a liter- 
ate, accurate translation that brings forth the 
extraordinary breadth of Hirschberg’s history. 
The history, which is packaged in attractive 
volumes with excellent illustrations, will be the 
historians’ lode for many decades. 

This is the fifth volume entitled, “The First 
Half of the Nineteenth Century,” and de- 
scribes British and Italian ophthalmology. A 
previous volume (8a) told of London ophthal- 
mology and this volume continues with the 
story of ophthalmology in Glasgow, Birming- 
ham, Bristol, Liverpool, Newcastle-on-Tyne, 
Leeds, Oxford, Cambridge, Edinburgh, Dub- 
lin, and the colonies and territories. The Italian 
section, after an explanation of the states 
formed after the Napoleonic Wars, tells mainly 
of the individuals associated with the Schools 
of Pavia and Naples. Many of the institutions 
described were established after 1850 and some 
of the history describes events as late as 1913. 

Major sections of the book are devoted to the 
following: William Mackenzie (1791-1868), 
founder of the Glasgow Eye Infirmary; Richard 
Middlemore (1803-1891) of the Birmingham 
and Midland Eye Hospital; Arthur Jacob (1790- 
1874) of Dublin; Sir William Wilde (1815-1876) 
of Dublin; Sir Henry R. Swanzy (1844-1913) of 
Dublin; and Antonio Scarpa of Pavia, and his 
pupils, particularly S. Battista Quadri of Na- 
ples. 

As always, the volume is replete with nug- 
gets of information. Mackenzie was unfamiliar 
with ophthalmoscopy in 1854. In 1818 P. A. 
Demours stated “It is important to pay atten- 
tion to severe concussions or injuries of one eye 
because several cases have been observed in 
which the other eye after the injury was sympa- 
thetically affected.” Arthur Jacobs (Jacobs’ 
membrane) stated “Manual skill exists often 
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without any higher intellectual faculties... 
anybody who operates on the cataract or for 
strabismus thinks that he can treat anything 

. ignorant people elect ophthalmology in 
order to secure their livelihood . . . they write 
books in order to make themselves well known 
without publishing anything original. . . they 
like to quote German books because this lan- 
guage is little known.” Antonio Quaglino 
(1817-1894) used the calabar bean in the treat- 
ment of glaucoma in 1863. Francesco Buzzi 
(1775-1805) described the macula lutea of the 
human retina in 1782. Carlo Donegana (1776- 
1828) enucleated an eye containing a retino- 
blastoma with no recurrence after six years. 
Carlo de Vincentiis (1849-1904) described inci- 
sion of the chamber angle for glaucoma in 1893. 

As always the volumes are a rich storehouse 
of ophthalmic lore. We are once again indebted 
to Blodi for his energy and scholarship. 








Books Received 





Classification and Diagnostic Criteria for Head- 
ache Disorders, Cranial Neuralgias and Facial 
Pain. Cephalalgia, an International Journal of 
Headache, vol. 8, suppl. 7, 1988. The Norwegian 
University Press, P.O. Box 2959 Toyen, N-0608 
Oslo 6, Norway. Softcover. $30 


Two years ago the International Headache 
Society set up a Headache Classification Com- 
mittee chaired by Dr. Jes Olesen of Copenha- 
gen. The Committee was supported by 12 sub- 
committees, a total of almost 100 members. 
Their classification of headache has now ap- 
peared. It will have a significant influence on 
the names given to various types of headaches 
in the next few years. 





The Chief Resident as Manager. By Neal Whit- 
man, Elaine Weiss, and Lawrence Lutz. Salt 
Lake City, The University of Utah School of 
Medicine, Department of Family and Preventive 
Medicine, 1988. Softcover, 143 pages, illustrat- 
ed. $16 


November, 1988 


From the title one might guess that the mar- 
ket for this book would be small, but it is an 
engaging self-help book full of useful advice on 
managing time, dealing with people, resolving 
problems, and planning a career. Many of us 
could learn something from this book. 


Ophthalmology. By N. R. Galloway and S. A. 
Vernon. New York, Springer-Verlag, 1988. Soft- 
cover, 110 pages. $20 


This book contains 220 multiple choice ques- 
tions in Ophthalmology. 


Obituary 


DOHRMANN KASPAR PISCHEL 
1895-1988 


Dohrmann Kaspar Pischel died in San Fran- 
cisco on July 21, 1988, after a short illness. Born 
in San Francisco on November 22, 1895, he was 
stimulated to study medicine by his father, 
who emigrated to San Francisco in the late 
1880s from Austria where he had trained in 
ophthalmology and otorhinolaryngology in 
Innsbruch and Vienna. Dr. Pischel received the 
A.B. degree from the University of California in 
Berkeley (1918) and the M.D. degree from Stan- 
ford University Medical School (1923). He in- 
terned at Stanford-Lane Hospital in San Fran- 
cisco and served as Hospitant at the First 
University Eye Clinic of Vienna from 1924 to 
1926. 

In 1928 he joined his father in the practice of 
ophthalmology. Dr. Pischel developed an early 
interest in retinal detachment surgery and par- 
ticipated in the growth and development of this 
field to an extraordinary degree. Aware of the 
need to document the striking changes that 
occurred in this field during Dr. Pischel’s life- 
time, the Foundation of the American Academy 
of Ophthalmology recently conducted a series 
of in-depth interviews with him, which were 
intended to preserve his memories, experienc- 
es, and insights. The Oral History is currently 
in press. 
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Dohrmann Kaspar Pischel 


A talented teacher, who was more concerned 
with teaching young physicians than with aca- 
demic achievement, Dr. Pischel volunteered 
many unpaid hours each week to Stanford 
Medical School. He became assistant professor 
in 1935, associate professor in 1945, and profes- 
sor and head of the Division of Ophthalmology 
in 1955. He was professor emeritus from 1961 
until his death. After Stanford Medical School 


moved to Palo Alto in 1958, he devoted himself 
to the further development of the Department 
of Ophthalmology at the Pacific Presbyterian 
Medical Center. A separate room of the Cen- 
ter’s Library has been designated as the Pischel 
Library. 

Dr. Pischel served as chairman of the Section 
of Ophthalmology of the San Francisco County 
Medical Society (1930), the California Medical 
Association Ophthalmology Section (1946), 
and the American Medical Association (1958). 
He was president of the American Academy of 
Ophthalmology and Otolaryngology (1960), 
the Pacific Coast Oto-ophthalmological Society 
(1961), and the American Ophthalmological So- 
ciety (1971). He was the recipient of the Howe 
Medal of the American Ophthalmological Soci- 
ety (1966). He was vice president of the Inter- 
national Council of Ophthalmology (1964 to 
1968) and a director of the National Society for 
the Prevention of Blindness (1961 to 1970). Dr. 
Pischel was also a member or honorary member 
of the Pan-American Ophthalmological Socie- 
ty, the Retina Society of America, the Gonin 
Club, the New Zealand Ophthalmological Soci- 
ety, the Australian Ophthalmological Society, 
the Société Ophtamologie Français, the Pan 
Pacific Surgical Association, and the North- 
western Medical Association. 

He is survived by his wife of 65 years, Mrs. 
Margery Lovegrove Pischel, two daughters, a 
son, seven grandchildren, and six great grand- 
children. 


WILLIAM SPENCER 





ABSTRACT DEPARTMENT 


Edited by David Shoch, M.D. 





Annals of Internal Medicine 
Acute orbital myositis mimicking orbital celluli- 
tis. Bach, M. C., Knowland, M., and Schuyler, 
W. B.J. (128 Chadwick St., Portland, ME 

04102). Ann. Intern. Med. 109:243, 1988. 


Two patients had proptotic tender and immo- 
bile eyes, suggestive of orbital cellulitis. Com- 
puted tomography in Patient 1 and magnetic 
resonance imaging in Patient 2 showed that the 
proptosis and edema were secondary to orbi- 
tal myositis. Intravenous methylprednisolone 
therapy in one patient and oral prednisone 
therapy in the second resulted in dramatic 
improvement over a 24-hour period. Since or- 
bital myositis has been associated with 
Wegener's granulomatosis, polyarteritis no- 
dosa, and Crohn’s disease, patients should be 
examined carefully for these conditions. Rapid 
institution of corticosteroid therapy may pre- 
vent late orbital restriction. (1 figure, 10 
references)—David Shoch 


British Journal of Ophthalmology 

Changing patterns of early complications in 
cataract surgery with new techniques. A sur- 
gical audit. Acheson, J. F., McHugh, J. D., and 
Falcon, M. G. (South Wing Eye Dept., St. Thom- 
as’s Hosp., London, England SE1 7EH). Br. J. 
Ophthalmol. 72:481, 1988. 


The authors compared complications follow- 
ing intracapsular cataract operations in 89 pa- 
tients done in 1979 and 1983 with complications 
following extracapsular cataract extraction in 96 
patients done in 1984 and 1985. Surgery was 
performed by various surgeons. Attention was 
focused primarily on the first three months 
after surgery. Visual acuity using the standard 
of 6/12 after three months was the same in both 
groups. However, there was a much higher 
frequency of increased intraocular pressure 
after intracapsular than after extracapsular ex- 
traction, prehaps related to the use of 
chymotrypsin. Posterior capsular thickening 
occurred in 13% of the patients in the extracap- 
sular group, but in none in the intracapsular 
group. There was a marked decrease in the 


rates of vitreous loss, vitreous hemorrhage, 
vitritis, and retinal detachment in the extracap- 
sular group. (5 tables, 19 references)—David 
Shoch 


Cobalt plaque versus enucleation for uveal mel- 
anoma. Comparison of survival rates. Adams, 
K. S., Abramson, D. H., Ellsworth, R. M., Haik, 
B. G., Bedford, M., Packer, S., Seddon, J.,. Al- 
bert, D., and Polivogianis, L. (Manhattan Eye, 
Ear and Throat Hosp., Dept. Ophthalmol., 210 E. 
64th St., New York, NY 10021). Br. J. Ophthal- 
mol. 72:494, 1988. 


The authors studied two groups of patients 
with uveal melanoma: the first group consisted 
of 223 patients treated by cobalt plaque and the 
second of 416 patients treated by enucleation. 
The median follow-up time of the patients 
treated by cobalt plaque was 4.3 years. For both 
groups the most important predictive factors 
were the location of the tumor and the largest 
tumor dimension. The survival rate was higher 
in patients with small tumors and those located 
more posteriorly. There was no significant dif- 
ference in survival rates between the two 
groups. The advantages of cobalt plaque thera- 
py are ocular survival, maintenance of vision, 
and improved cosmesis. (3 figures, 2 tables, 12 
references)—David Shoch 


The one-and-a-half syndrome. Clinical correla- 
tion with a pontine lesion demonstrated by 
nuclear magnetic resonance imaging in a 
case of multiple sclerosis. Martyn, C. N., and 
Kean, D. (Environmental Epidem. Unit, Univ. 
Southampton, Southampton Gen. Hosp., South- 
ampton, England S09 4XY). Br. J. Ophthalmol. 
72:515, 1988. 


In 1967 Fisher coined the term one-and-a-half 
syndrome for a neuro-ophthalmologic finding 
in which internuclear ophthalmoplegia is com- 
bined with a lateral gaze palsy in one direction. 
In the fully developed syndrome, one eye is 
fixed at the midline and fails to move horizon- 
tally, whereas the other can only abduct. Fisher 
attributed this syndrome to a unilateral lesion 
affecting the center for conjugate lateral gaze in 
the paramedian pontine reticular formation 
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and the adjacent ipsilateral medial longitudinal 
bundle. This supposition has been confirmed 
anatomically at postmortem examination. The 
origin includes tumors, trauma, infarction, and 
demyelination. The patient described here had 
a complete horizontal gaze palsy to the left and 
a contralateral internuclear ophthalmoplegia. 
The left eye failed to abduct past the midline 
and horizontal jerky nystagmus was apparent 
in the abducting right eye. Nuclear magnetic 
resonance imaging showed a lesion on the left 
side of the dorsal pons, which was typical of an 
area of demyelination. The patient made an 
almost complete recovery over the next month 
but there was no change in the appearance of 
the magnetic resonance image. (5 figures, 6 
references)—David Shoch 


Single-dose cefotaxime intramuscularly cures 
gonococcal ophthalmia neonatorum. Lepage, 
P., Bogaerts, J., Kestelyn, P., and Meheus, A. 
(Dept. Pediatr., Microbiol., and Ophthalmol., Ki- 
gali Hosp., BP 879, Kigali, Rwanda). Br. J. Oph- 
thalmol. 72:518, 1988. 


Nine neonates with culture proved gonococ- 
cal ophthalmia neonatorum were treated with a 
single intramuscular injection of 100 mg/kg of 
cefotaxime without topical antibiotic therapy. 
Five of the nine strains were penicillinase- 
producing Neisseria gonorrhoeae. All nine cases 
were clinically and microbiologically cured, 
and no side effects were observed. (1 table, 12 
references)—Authors’ abstract 


Developmental Medicine and Child 
Neurology 

Optic neuritis in children and its relationship to 
multiple sclerosis. A clinical study of 21 chil- 
dren. Riikonen, R., Donner, M., and Erkkila, H. 
(Dept. Pediatr., Kiinaymyllynkatu 4-8, SF-20520 
Turku, Finland). Dev. Med. Child Neurol. 30:349, 
1988. 


Over a 15-year period, the authors saw 21 
cases of optic neuritis in children aged 4 to 14 
years. The diagnosis was based on a sudden 
reduction in visual acuity, sudden visual field 
defects, and afferent pupillary defects. In three 
patients who did not have visual field examina- 
tions, impaired nerve conductivity was demon- 
strated by visual-evoked potentials. Common 


preceding events were infections or vaccina- 
tions. These children frequently had pleocyto- 
sis with production of IgG oligoclonal antibod- 
ies. Of these 21 children, nine (eight girls and 
one boy) later developed multiple sclerosis. In 
all cases the disease was apparent within one 
year of the optic neuritis. The diagnosis was 
based on magnetic resonance imaging, visual- 
and sensory-evoked potentials, and cerebrospi- 
nal fluid studies. The study suggests that optic 
neuritis reflects a generalized disease with im- 
munologic events typical of multiple sclerosis 
starting from childhood. (1 figure, 6 tables, 30 
references)—David Shoch 


Diabetes 

Diabetic retinopathy in Mexican Americans and 
non-Hispanic whites. Haffner, S. M., Fong, D., 
Stern, M. P., Pugh, J. A., Hazuda, H. P., Patter- 
son, J. K., van Heuven, W. A. J., and Klein, R. 
(Div. Clin. Epidem., Dept. Med., University of 
Texas Health Sci. Ctr. at San Antonio, 7703 Floyd 
Curl Dr., San Antonio, TX 78284). Diabetes 
37:878, 1988. 


Stereoscopic retinal photographs were taken 
of 257 Mexican Americans and 56 non-Hispanic 
whites with noninsulin-dependent diabetes 
mellitus. The photographs were read at a sec- 
ond center and it was found that the risk of 
retinopathy was about the same in the two 
groups. However, the prevalence of prolifera- 
tive retinopathy was significantly greater in the 
Mexican Americans, with an odds ratio of 2.37 
to 1. This combination of an increased preva- 
lence of noninsulin-dependent diabetes melli- 
tus in Mexican Americans plus an increase in 
severity of retinopathy in those who have dia- 
betes suggests that it would be appropriate to 
screen this ethnic group for retinopathy. (2 
figures, 5 tables, 36 references)—David Shoch 


Diabetic Complications 

Antihistamines reverse blood-ocular barrier 
breakdown in experimental diabetes. Hollis, 
T. M., Gardner, T. W., Vergis, G. J., Kirbo, B. J., 
Butler, C., Dull, R. O., Campos, M. J., and Enea, 
N. A. (Dept. Biol., 208 Mueller Lab., Pennsylva- 
nia State Univ., University Park, PA 16802). 
Diab. Complications 2:47, 1988. 
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It has been postulated that in diabetes there 
is a breakdown of the blood-ocular barrier that 
is in part caused by histamine release. The 
authors tested this hypothesis by producing 
streptozotocin diabetes in male Sprague- 
Dawley rats. One group was untreated; a sec- 
ond group received diphenhydramine, an H, 
receptor blocking agent; a third group received 
ranitidine, an H: blocking agent; and a fourth 
group received a combination of these two 
drugs. The blood-ocular barrier permeability 
was tested by injecting fluorescein-labeled 
serum albumin. Six hours after injection, vi- 
trectomies were performed and the vitreal con- 
tent of the fluorescein-labeled albumin was 
measured. Untreated diabetic rats showed a 
100% increase in serum albumin content of the 
vitreous compared to controls. Animals receiv- 
ing diphenhydramine had about a 35% de- 
crease when compared to the untreated diabet- 
ic rats and ranitidine-treated rats had about a 
50% decrease from the measurements of the 
untreated diabetic rats. Leakage into the vitre- 
ous appeared to be from the retina and not 
from the ciliary body. Thus, blockade of the H, 
and H: receptors can reverse the increased 
blood-ocular barrier permeability in experi- 
mental diabetes. Furthermore, altered endoge- 
nous histamine metabolism may cause a break- 
down in the blood-ocular barrier and thus play 
a role in diabetic retinopathy. (1 figure, 15 
references)—David Shoch 


JAMA 


Eye disease linked to mitochondrial gene de- 
fect. Merz, B. (no affiliation given). JAMA 
260:894, 1988. 


A study of 11 families with Leber’s hereditary 
optic neuropathy comprising more than 100 
affected people indicated that the disease stems 
from a single base pair mutation in the DNA of 
one of the 13 known mitochondrial genes. 
Since mitochondria are transmitted maternally, 
all mitochondrial diseases have a maternal in- 
heritance pattern; however, unlike X-linked 
disorders they affect all offspring equally. Pa- 
tients with this defect can manufacture some 
adenosine triphosphate but less than normal. 
Since the optic nerve is constantly processing 
information, it probably requires a high level of 
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adenosine triphosphate and therefore is affect- 
ed by an adenosine triphosphate deficit.— 
David Shoch 


Regression of ocular melanoma metastatic to 
the liver after hepatic arterial chemoemboli- 
zation with cisplatin and polyvinyl sponge. 
Mavligit, G. M., Charnsangavej, C., Carrasco, H., 
Patt, Y. Z., Benjamin, R. S., and Wallace, S. 
(Box 41, D. Anderson Cancer Ctr., 1515 
Holcombe, Houston, TX 77030). JAMA 260:974, 
1988. 


It is estimated that ocular melanomas are 
diagnosed approximately 2,000 times each year 
in the United States. There is a disease-free 
interval of four to 45 years, after which many of 
the patients develop hepatic metastases. The 
median survival time after diagnosis of hepatic 
metastases is two to six months. In an attempt 
to treat the liver metastases, the authors previ- 
ously used hepatic arterial infusion of cisplatin 
alone or arterial embolization using polyvinyl 
sponge alone. Results of both treatment modal- 
ities were disappointing. In this study they 
combined the two modalities in the treatment 
of 30 patients. Eighteen patients (60%) showed 
tumor regression and the survival time of the 
entire group increased to 11 months. (3 figures, 
9 references)—David Shoch 


Journal of Laboratory and Clinical 
Medicine 

The insignificance of a probability value of P < 
0.05 in the evaluation of medical scientific 
studies. Romano, P. E. (Dept. Ophthalmol., 
Univ. Florida College of Med., Box J-284, 
JHMHC, Gainesville, FI 32610-0284). J. Lab. 
Clin. Med. 111:501, 1988. 


It is generally accepted that P < .05 is signifi- 
cant and P < .01 is very significant. The author 
points out that these interpretations are invalid 
and that the descriptive terms ‘‘statistically 
significant” and “highly statistically signifi- 
cant” should be abolished. A P value of .05 
simply indicates that the probability of the 
given hypothesis or experiment being correct is 
19 in 20 or better. A P value of .01 would mean 
that it has 99 chances in 100 of being correct. 
This mechanism of evaluation is based on stan- 
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dard deviations calculated for a normal gaussi- 
an distribution curve. Two standard deviations 
enclose approximately 95% of the normal popu- 
lation and three standard deviations enclose 
99% of the population. These two values would 
then be equivalent to a P value of .05 and .01, 
respectively. In a group of 20 experimental 
hypotheses all of which achieved a P value of 
.05, one of them is probably wrong. The author 
makes a plea for elimination of the term “’statis- 
tically significant’ and “highly significant” 
from the medical and scientific literature. He 
believes that statistical tests are valuable but 
that they should simply be listed by their P 
value so the reader can make the overall deter- 
mination of whether the study is clinically sig- 
nificant. (14 figures)—David Shoch 


Journal of Ocular Pharmacology 


Systemic effects resulting from topical ocular 
administration of SCH 33861, a novel ACE 
inhibitor ocular hypotensive agent. Watkins, 
R. W., Baum, T., Tedesco, R. P., Pula, K., and 
Barnett, A. (Dept. Pharmacol. B-5-2, Schering- 
Plough Res. Div., 60 Orange St., Bloomfield, NJ 
07003). J. Ocul. Pharmacol. 4:93, 1988. 


Many of the currently used topical medica- 
tions for lowering intraocular pressure have 
systemic side effects that limit their use. Some 
of the angiotensin converting enzyme inhibi- 
tors, for example, SCH 33861, have a marked 
ability to lower intraocular pressure. To evalu- 
ate any potential side effects that might result 
from use of SCH 33861, the authors used as 
their end point the increase in intraocular pres- 
sure caused by angiotensin I. They found that 
in doses much higher than needed to lower 
intraocular pressure there was no effect on the 
increase in blood pressure caused by intrave- 
nous administration of angiotensin I to white 
rabbits. The effectiveness of this new class of 
drugs, the angiotensin converting enzyme in- 
hibitors, has been established and they now 
appear to be safe as evidenced by their lack of 
effect on systemic pressure. (4 figures, 2 tables, 
10 references)—David Shoch 


Allergic blepharoconjunctivitis due to phenyl- 
ephrine. Geyer, O., Yust, I., and Lazar, M. 
(Ichilov Hosp., Tel-Aviv 64239 Israel). J. Ocul. 
Pharmacol. 4:123, 1988. 


Twenty-one patients developed severe con- 
junctival injection, chemosis, and mucopuru- 
lent discharge beginning three to four hours 
after the application of 10% phenylephrine. All 
cultures were negative and since this was 
thought to be a drug reaction, applications 
were repeated with a weaker solution of 0.1% 
phenylephrine. An identical clinical picture 
was noted. This appeared to be a true immune 
reaction in these patients. Although rare, it 
might be confused with bacterial conjunctivi- 
tis. It is particularly important to note that the 
phenomenon occurred even with weak solu- 
tions, since many over-the-counter prepara- 
tions contain small amounts of phenylephrine. 
Further, if this response is recognized in pa- 
tients undergoing surgery it probably is safe to 
proceed with surgery rather than to cancel it 
based on the presence of a possible infection. 
In this reaction, the eyes are not symptomatic 
until a few hours after the instillation of 
phenylephrine. (11 references)—David Shoch 


Journal of the Royal Society of 
Medicine 
Eye care and the medical student. Where 
should emphasis be placed in undergraduate 
ophthalmology? Vernon, S. A. (Dept. Ophthal- 
mol., University Hosp., Nottingham, England 
NG7 2UH). J. R. Soc. Med. 81:335, 1988. 


In a survey of the teaching of ophthalmology 
in medical schools in England, the author 
found that in many medical schools, less than 
1% of the clinical time is spent specifically 
studying ophthalmology. The author therefore 
surveyed three groups of British doctors on 
what they thought the content and duration of 
an undergraduate course in ophthalmology 
should be. The questionnaire was sent to 651 
general practitioners, 299 nonophthalmic spe- 
cialists, and 140 ophthalmologists. There was 
unanimous consent that ophthalmology should 
be taught as a separate course. The ophthal- 
mologists and the general practitioners advised 
a course of approximately five weeks’ duration, 
whereas the nonophthalmologic specialists ad- 
vised at least a three-week course. Similarly, a 
large number of the ophthalmologists and gen- 
eral practitioners and a lesser number of non- 
ophthalmic specialists thought a visit to an 
operating room would be advantageous. The 
ophthalmologists thought that videographic 
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tapes would be an acceptable alternative to 
attendance in the operating room. Almost 
100% of all three groups considered exposure 
to diagnosis and treatment of eye trauma in the 
emergency room desirable. Over two thirds of 
the nonophthalmic specialists and the general 
practitioners thought a session with an optician 
would be advantageous while only one third of 
the ophthalmologists thought so. (1 figure, 1 
table, 8 references)—David Shoch 


Do we need to measure the vision of children? 
Fielder, A. R., and Moseley, M. J. (Dept. Oph- 
thalmol., Leicester Univ. Med. School, Leicester, 
England LE2 7LX). J. R. Soc. Med. 81:380, 1988. 


The visual acuity of most children over the 
age of 3 or 4 years can be measured with 
standard Snellen charts using illiterate Es. 
However, below the age of 3 years, it is difficult 
to attain a valid assessment of visual acuity. 
The authors used a technique called the acuity 
card procedure in which gratings are mounted 
in pairs on a series of cards. The cards are 
presented in an aperture on a portable gray 
screen and an acuity estimate can be obtained 
in two to six minutes. The authors used this 
test 1,177 times on 586 patients and found an 
overall success rate of about 94% in estimating 
visual acuity. They were able to test visual 
acuity in 97% of the children under the age of 1 
year. The greatest use of this test will probably 
be to examine infants who are suspected of 
being blind. No false-negative results were re- 
ported in this study. The acuity card procedure 
is also a sensitive indicator of macular function 
in the older child and is useful when the accu- 
racy of vision obtained by other techniques is 


questionable. The grating can be varied from 3 
cycles/degree, which is equivalent to approxi- 
mately a visual acuity of 20/200, to 30 cycles/ 
degree, which is equivalent to 20/20. (2 figures, 
1 table, 10 references)—David Shoch 


Preliminary data suggest a role for bacterial 
superinfection of a viral keratitis after zosteri- 
form spread of herpes simplex virus to the 
eye of the mouse. Claoue, C. (Dept. Ophthal- 
mol., Univ. Bristol, Bristol Eye Hosp., Lower 
Maudlin St., Bristol, England BS1 2LX). J. R. 
Soc. Med. 81:452, 1988. 


Most experimental work on herpes simplex 
virus in animals has been by direct inoculation 
of the virus into the eye. The authors believe 
that this is an uncommon mechanism for the 
spread of herpes simplex virus and that it more 
often starts with a peripheral infection, per- 
haps in the nose, and then spreads centripetal- 
ly toward the central nervous system and cen- 
trifugally to involve the entire dermatome. This 
is termed a zosteriform spread. In this study 
early signs of herpes virus infection in the eye 
were mydriasis and iritis followed rapidly by 
keratitis, which consisted of a central opacifica- 
tion and epithelial ulcer. However, there was a 
rapid appearance of a deep yellow exudate on 
the corneal surface. Bacterial studies were per- 
formed on eyes with exudative keratitis and in 
six of seven swabs taken there was a heavy 
growth of Staphylococcus aureus. The model pro- 
posed here could help resolve the question as 
to whether or not it is appropriate to prescribe 
antibiotics for patients with herpes simplex 
keratitis to avoid superinfection with bacteria. 
(6 figures, 1 table, 22 references)—David Shoch 


NEWS ITEMS 


Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 

The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11⁄2-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length. Announcements of meetings 
and courses must be received at least four months before 
the event. 


The University of British Columbia: First 
Annual Ophthalmological Seminar 


The University of British Columbia will spon- 
sor the First Annual Ophthalmological Semi- 
nar, Feb. 11-18, 1989, in Maui, Hawaii. For 
further information, write Hawaii Pacific Medi- 
cal Seminars, 1600 Ala Moana Blvd., Suite 1902, 
Honolulu, HI 96815. 


American Association for Pediatric 
Ophthalmology and Strabismus: Fifteenth 
Annual Meeting 


The American Association for Pediatric Oph- 
thalmology and Strabismus will hold its Fif- 
teenth Annual Meeting, April 15-18, 1989, in 
Kiawah Island, South Carolina. For further in- 
formation, write Tricia Stevens-Petras, Coordi- 
nator, 305 Twin Ridge Lane, Richmond, VA 
23235. 


The American Society of Cataract and 
Refractive Surgery and The American 
Society of Ophthalmic Administrators: 
Second American-International Congress 
on Cataract, IOL and Refractive Surgery 


The American Society of Cataract and Refrac- 
tive Surgery and the America Society of Oph- 
thalmic Administrators will sponsor the Sec- 
ond American-International Congress on Cat- 
aract, IOL and Refractive Surgery, April 25-28, 
1989, in Washington, D.C. For further informa- 
tion, write ASCRS/ASOA, 3702 Pender Dr., 
Suite 250, Fairfax, VA 22030. 
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North American Neuro-Ophthalmology 
Society: 1989 Meeting 


The North American Neuro-Ophthalmology 
Society will hold its 1989 meeting in Cancun, 
Mexico, March 6-12, 1989. For further informa- 
tion, write NANOS, 302 Juniper Hill Rd., N.E., 
Albuquerque, NM 871122. 


Baylor College of Medicine: The Cullen 
Course 89 


Baylor College of Medicine will sponsor the 
Cullen Course 89, Clinical Advances in Oph- 
thalmology for the Practicing Ophthalmologist, 
March 17-19, 1989. For further information, 
write Carol J. Soroka, Office of Continuing 
Education, Baylor College of Medicine, One 
Baylor Plaza, Houston, TX 77030. 


University of California, San Diego: Anterior 
Segment Symposium 


The University of California, San Diego, will 
sponsor Anterior Segment Symposium: Ad- 
vances in Surgery and Disease Management, 
Feb. 3-5, 1989, in San Diego, California. For 
further information, write Carol Cabrera, Uni- 
versity of California, San Diego T-014, La Jolla, 
CA 92093. 


The University of Illinois at Chicago: 
Current Concepts in Pneumatic Retinopexy 


The University of Illinois at Chicago will 
present Current Concepts in Pneumatic 
Retinopexy, Dec. 10, 1988, at the University of 
Illinois Eye and Ear Infirmary in Chicago, Illi- 
nois. For further information, write Sue 
Talbert, Senior Program Coordinator, The Uni- 
versity of Illinois at Chicago, Conferences and 
Institutes (M/C 607), Second Floor North, 912 
S. Wood St., Chicago, IL 60612. 


The Johns Hopkins Medical Institutions: 
Current Concepts in Ophthalmology 


The Johns Hopkins Medical Institutions will 
sponsor Current Concepts in Ophthalmology, 
Dec. 8-10, 1988, in Baltimore, Maryland; Feb. 
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19-26, 1989, in Dorado, Puerto Rico; and March 
18-25, 1989, in Vail, Colorado. For further in- 
formation, write Office of Continuing Educa- 
tion, Johns Hopkins Medical Institutions, Turn- 
er 22, 720 Rutland Ave., Baltimore, MD 21205. 


Kansas Eyecon 89: Annual Meeting 


The Department of Ophthalmology, Univer- 
sity of Kansas Medical Center, will hold its 
annual meeting April 6-8, 1989, in Kansas City, 
Kansas. For further information, write Eve 
Lankston, Kansas Eye Center, c/o Department 
of Ophthalmology, University of Kansas Medi- 
cal Center, 39th and Rainbow Blvd., Kansas 
City, KS 66103. 


Long Island Jewish Medical Center: 
Neuro-Ophthalmology Seminar 


The Long Island Jewish Medical Center will 
sponsor Neuro-Ophthalmology Seminar, May 
25-29, 1989, in Hamilton, Bermuda. For further 
information, write Ann J. Boehme, Long Island 
Jewish Medical Center, New Hyde Park, NY 
11042. 


Fourth LSU Eye Center Ophthalmology 
Update 


Louisiana State University will hold the 
Fourth LSU Eye Center Ophthalmology Up- 
date, Jan. 23-27, 1989 in Cancun, Mexico. For 
further information, write Emily D. Varnell, 
LSU Eye Center, 2020 Gravier St., Suite B, New 
Orleans, LA 70112. 


New Orleans Academy of Ophthalmology: 
38th Annual Symposium on Pediatric 
Ophthalmology, Strabismus, and 
Oculoplastic Surgery 


The New Orleans Academy of Ophthalmolo- 
gy will sponsor the 38th Annual Symposium on 
Pediatric Ophthalmology, Strabismus, and Oc- 
uloplastic Surgery, March 3-5, 1989, in New 
Orleans, Louisiana. For further information, 
write Emily Busby, Executive Secretary, New 
Orleans Academy of Ophthalmology,, Eye, 
Ear, Nose & Throat Hospital, 2626 Napoleon 
Ave., Room 2076, New Orleans, LA 70115. 


November, 1988 


Retina Research Fund of St. Mary’s 
Hospital: Advanced Retina Seminar 


The Retina Research Fund of St. Mary’s Hos- 
pital will sponsor an Advanced Retina Seminar, 
April 13-15, 1989, in Carmel Valley, California. 
For further information, write Howard Schatz, 
M.D., One Daniel Burnham Court, Suite 210, 
San Francisco, CA 94109. 


Saint John’s Hospital and Health Center: 
Fourth Annual Retina Update 


Saint John’s Hospital and Health Center will 
hold its Fourth Annual Retina Update, Feb. 4, 
1989, in Los Angeles, California. For further 
information, write Retina Update Coordinator, 
2021 Santa Monica Blvd., Santa Monica, CA 
90404. 


Texas Retina Associates: Eleventh Annual 
Dallas Spring Ophthalmology Symposium 


The Eleventh Annual Dallas Spring Ophthal- 
mology Symposium will be held March 31 and 
April 1, 1989, in Dallas, Texas. For further 
information, write Susan Shelby, Texas Retina 
Associates, 7150 Greenville Ave., Suite 400, 
Dallas, TX 75231. 


The University of Texas: Ninth Annual 
Ophthalmology Clinical Conference 


The University of Texas will sponsor the 
Ninth Annual Ophthalmology Clinical Confer- 
ence, March 31 and April 1, 1989, in San Anto- 
nio, Texas. For further information, write Con- 
tinuing Medical Education Office, University of 
Texas Health Science Center at San Antonio, 
7703 Floyd Curl Dr., San Antonio, TX 78284. 


Wayne State University: Twelfth Annual 
Ophthalmology: Basic and Clinical Review 
Course 


The Kresge Eye Institute of Wayne State Uni- 
versity School of Medicine will sponsor the 
Twelfth Annual Ophthalmology: Basic and 
Clinical Review Course, March 9-14, 1989, in 
Detroit, Michigan. For further information, 
write Division of Continuing Medical Educa- 
tion, Wayne State University School of Medi- 
cine, 4-H University Health Center, 4201 St. 
Antoine, Detroit, MI 48201. 
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National Advisory Eye Council: New 
Appointments 


Health and Human Services Secretary Otis R. 
Bowen, M.D., announced the appointment of 
John T. Flynn, M.D., of Miami, Florida; Erwin 
J. Lurie of New York, New York; and Bruce E. 
Spivey, M.D., of San Francisco, California, to 
serve on the National Advisory Eye Council, 
the principal advisory body to the National Eye 
Institute. The council includes 12 public mem- 
bers and five ex-officio representatives. 


Fight for Sight 1988 Student Fellowships 


Mildred Weisenfeld, founder and executive 
director of Fight for Sight, Inc., announced that 
15 student fellowships have been approved by 
the Fight for Sight Awards Program, adminis- 
tered by the Association for Research in Vision 
and Ophthalmology. 


Lori B. Birndorf, Department of Internal 
Medicine, College of Osteopathic Medicine, 
Michigan State University, East Lansing, MI 
(David I. Kaufman, D.O., Sponsor), “The Use 
of Smaller Check Size in Pattern Visual-Evoked 
Potential to Improve the Detection of Optic 
Nerve Lesions” (supported by the James Thur- 
ber Memorial Fund), $1,200. 


David J. Calkins, Department of Psychology, 
University of Pennsylvania, Philadelphia, PA 
(E. N. Pugh, Ph.D., Sponsor), ““Monochromacy 
Determined at an Opponent Process Level,” 
$1,200. 


Raynor C. Casey, Department of Ophthal- 
mology, Duke University, Durham, NC (Diane 
L. Hatchell, Ph.D., Sponsor), “The Effect of 
Triamcinolone Acetonide on Vascular Permea- 
bility, Ultrastructure and Cellular Proliferation 
of New Retinal Vessels in an Animal Model” 
(supported by the James Thurber Memorial 
Fund), $1,200. 


Hai-Wen Chen, School of Optometry, Uni- 
versity of California, Berkeley, CA (Jay M. 
Enoch, Ph.D., Sponsor), ‘Quantification of 
Monocular Space Perception and Metamor- 
phopsia’” (In Memory of Herman Shane), 
$1,200. 


Mohamad R. Dana, Department of Ophthal- 
mology, Johns Hopkins University, Baltimore, 
MD (Hugh R. Taylor, M.D., Sponsor), “The 
Prevalence and Causes of Visual Impairment in 
a Rural Appalachian Community,” $800. 


Tiffany B. Ho, Department of Psychology, 


News Items 651 


Princeton University, Princeton, NJ (Carl 
Olson, Ph.D., Sponsor), “Spatial Vision in 
Strabismus: Neurophysiology and Behavior” 
(In Honor of Elsie K. Sloate), $1,200. 


Douglas S. Holsclaw, Department of Oph- 
thalmology, Columbia University, New York, 
NY (Basil V. Worgul, Ph.D., Sponsor), Modifi- 
cation of Clinical and Cytopathological Chang- 
es in Radiation-Induced Cataracts: Effects of 
Hypophysectomy and Hormone Replacement 
Therapy,” $1,200. 


Jeffrey L. Hung, Department of Ophthalmol- 
ogy, Duke University, Durham, NC (Gordon 
K. Klintworth, M.D., Ph.D., Sponsor), “The 
Relationship Between Hypoxia of the Cornea 
and Corneal Neovascularization (In Memory of 
Norma Cohen), $1,200. 


Mark S. Juzcyh, Department of Ophthalmol- 
ogy, Harvard University, Boston, MA (P. John 
Anderson, Ph.D., Sponsor), “Effect of Oxida- 
tive and Sulfhydryl-Reactive Agents on the 
Na+t-K+*-ATPase of Trabecular Endothelial Plas- 
ma Membrane” (In Honor of Elsie K. Sloate), 
$800. 


Timothy A. Keutzer, School of Biological Sci- 
ences, University of Kentucky, Lexington, KY 
(Bruce E. Buzdygon, Ph.D., Sponsor), ‘’Char- 
acterization of Primary and Transfected Rat 
Retinal Pigment Epithelium Derived from the 
RCS Strain” (supported by the Albert G. and 
Herman B. Mosler Memorial Fund), $1,200. 


Nancy G. Law, Department of Biological Sci- 
ences, University of Cincinnati, Cincinnati, OH 
(Edwin R. Griff, Ph.D., Sponsor), “The Light- 
Evoked Response of Bufo marinus” (In Memory 
of Mary E. and Alexander P. Hirsch), $1,200. 


Susan A. Meacham, Department of Anato- 
my, Loma Linda University, Loma Linda, CA 
(Michael A. Kirby, Ph.D., Sponsor), “Synap- 
togenesis of Identified Retinal Ganglion Cells 
in the Fetal Cat” (In Honor of Neil Weisman), 
$1,200. 


Olivia C. Ong, Department of Ophthalmolo- 
gy, University of California, Los Angeles, CA 
(Bernard K-K. Fung, Ph.D., Sponsor), “Char- 
acterization of Rhodopsin Binding Domain in 
Transducin of Vertebrate Retinas” (In Honor of 
Bob Hope), $1,200. 


Alexander F. Rosenberg, Department of Be- 
havioral Neuroscience, University of Pitts- 
burgh, Pittsburgh, PA (Michael Ariel, Ph.D., 
Sponsor), “Inputs and Outputs of the Basal 
Optic Nuceleus,” honorary award. 
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Matt J. Rossano, Department of Psychology, 
University of California, Riverside, CA (David 
H. Warren, Ph.D., Sponsor), “Blind Subjects’ 
Mental Representation of Tactually Encoded 
Maps” (supported by a grant from Burroughs 
Wellcome Fund), $1,200. 


Personals 


David J. Apple 


David J. Apple has been appointed professor 
and chairman of the Department of Ophthal- 


mology at the Medical University of South 
Carolina, Charleston. Dr. Apple has assumed 
the Vallotton Chair of Biomedical Engineering 
and is director of the Storm Eye Institute and 
the Center for Intraocular Lens Research. 


Denis A. Baylor 


The Paul Kayser International Award of 
Merit in Retina Research was presented Sept. 8, 
1988, to Denis A. Baylor at the biannual meet- 
ing of the International Society for Eye Re- 
search. 
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Ocular Toxoplasmosis in Patients With the Acquired 


Immunodeficiency Syndrome 








Gary N. Holland, M.D., Robert E. Engstrom, Jr., M.D., Ben J. Glasgow, M.D., 
Brian B. Berger, M.D., Stewart A. Daniels, M.D., Yossi Sidikaro, M.D., 
Janine A. Harmon, M.D., David H. Fischer, M.D., David S. Boyer, M.D., 
Narsing A. Rao, M.D., Ralph C. Eagle, Jr., M.D., Allan E. Kreiger, M.D., 
and Robert Y. Foos, M.D. 


In seven of eight cases of presumed ocular 
toxoplasmosis in patients with AIDS, the diag- 
nosis was supported by a reduction or resolu- 
tion of intraocular inflammation and healing 
of necrotic retinal lesions after initiation of 
antiparasitic drug therapy including one or 
more of the following medications: pyrimeth- 
amine, sulfadiazine, clindamycin, tetracy- 
cline, or spiramycin. In two cases the diagno- 
sis was confirmed histologically. The cases 
differed clinically and histopathologically 
from those in immunocompetent patients. 
There was no evidence that disease originated 
in preexisting retinochoroidal scars. Lesions 
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frequently were bilateral and multifocal. Vit- 
reous inflammatory reaction was a common 
clinical finding, but histopathologic examina- 
tion demonstrated scant retinal inflammation 
in areas of necrosis. Ocular toxoplasmosis in 
these patients with AIDS probably resulted 
from newly acquired infection or dissemina- 
tion of organisms from nonocular sites of dis- 
ease. Infections became clinically inactive 
with drug therapy in all treated patients, but 
reactivation and progression of disease oc- 
curred when therapy was stopped in two of 
three patients. Severe retinal necrosis led to 
retinal tears or detachment in three cases. Ocu- 
lar lesions were the first manifestation of Toxo- 
plasma gondii infection in four of five patients 
with evidence of multisystem infection. 


TOXOPLASMA GONDII is a common opportun- 
istic pathogen in immunocompromised pa- 
tients, including those with the acquired im- 
munodeficiency syndrome (AIDS). Toxoplas- 
mosis in patients with AIDS may involve a 
variety of organs including brain, heart, lung, 
lymph nodes, liver, spleen, and eye. Infections 
may be severe, and are a leading cause of 
AIDS-related mortality. Toxoplasmosis is the 
most common AIDS-associated nonviral intra- 
cranial infection,” but only a few cases of 
ocular toxoplasmosis in patients with AIDS 
have been described.** 





See also pp. 738 and 740. 








In otherwise healthy individuals, T. gondii is 
the most common infectious cause of retinal 
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inflammation. The typical lesion, believed to 
result from the reactivation of a congenital 
focus of disease, is characterized by a discrete 
inflammatory lesion originating in the border 
of a preexisting retinochoroidal scar. In con- 
trast, the previously described cases of AIDS- 
related ocular toxoplasmosis have been more 
severe and usually unassociated with scars. 
Different pathogenic mechanisms of disease 
therefore may be operative in healthy com- 
pared to immunodeficient patients. 

We studied eight cases of presumed toxoplas- 
mic retinochoroiditis in patients with AIDS 
from four institutions to gain a better under- 
standing of the infection. Diagnosis was con- 
firmed histopathologically in two cases. 





Case Reports 





Case 1 

A 38-year-old homosexual man developed 
fevers, oral candidiasis, and antibodies to 
human immunodeficiency virus (HIV). Two 
years later aching pain occurred in the right 
eye. Despite complaints of blurring, visual acu- 
ity was 20/15 in both eyes. In the right eye, 
there were 2+ cells in the anterior chamber and 
an oval area of white necrotic retina in the 
superior periphery, with an overlying mass of 
inflammatory material in the vitreous. There 
was no retinal hemorrhage or vasculitis. A 
diagnosis of ocular toxoplasmosis was consid- 
ered, but the patient refused further examina- 
tion. There were no lesions in the left eye. 

One week later he had a sudden decline in 
mental status. He developed a shuffling gait 
and a left central seventh cranial nerve palsy. 
Computed tomography demonstrated a ring- 
enhancing 2-cm lesion in the right frontoparie- 
tal lobe with compression of the right ventricle 
(Fig. 1). Anti-Toxoplasma IgG titer was 1:1,024, 
and IgM titer was <1:10 by indirect fluorescent 
antibody assay. 

The patient was treated with oral pyrimeth- 
amine (50 mg daily), oral sulfadiazine (2.5 g 
twice daily), and intravenous dexamethasone 
(10 mg every six hours). His mental status 
improved, and computed tomography one 
week later showed less ring enhancement of 
the lesion, decreased edema, and reduced ven- 
tricular shift. 

One month later visual acuity was R.E.: 
20/25. The retinal lesion was less edematous 
with more distinct, hyperpigmented borders. 





Fig. 1 (Holland and associates). Case 1. Computed 
tomogram shows a 2-cm contrast-enhancing lesion in 
the right frontoparietal lobe with cerebral edema. 


There were no anterior chamber cells. Pyri- 
methamine and sulfadiazine therapy was 
stopped because of thrombocytopenia and 
rash. A subsequent trial of clindamycin was 
stopped after ten days because of rash. 

Three weeks later vision decreased suddenly 
in the right eye because of a rhegmatogenous 
retinal detachment resulting from a tear adja- 
cent to the lesion. There was no evidence of 
reactivated retinal infection. The detachment 
was surgically repaired, but recurred one 
month later. Intracranial disease reactivated, 
and the patient died. An autopsy was not 
performed. 


Case 2 

A previously healthy 44-year-old woman de- 
veloped fever, weight loss, leukopenia, oral 
candidiasis, and lymphadenopathy. She was a 
social worker who had frequent contact with 
heroin addicts, but denied intravenous drug 
use, blood transfusions, or sexual contact with 
patients at risk for HIV infection. T-helper to 
T-suppressor cell ratio was low. Tests for anti- 
bodies to HIV were not available at the time her 
illness began. 

Six months later she developed photophobia, 
and visual acuity decreased to counting fingers 
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bilaterally. There were 2+ cells in the anterior 
chamber, extensive areas of retinal necrosis, 
focal areas of perivascular retinal inflammatory 
material, and dense vitreous inflammatory re- 
actions in both eyes. Vitrectomy was per- 
formed on the left eye. Specimens contained 
pure macrophage accumulations without evi- 
dence of bacterial or fungal organisms. Com- 
puted tomography showed no intracranial le- 
sions. Anti-Toxoplasma IgG titer was 1:512 by 
indirect fluorescent antibody assay. 

Retinal lesions enlarged despite treatment 
with oral sulfadiazine (1 g four times daily) and 
clindamycin (300 mg four times daily). An eye 
wall biopsy of the right eye was performed. 
Histologic sections showed a folded retina with 
marked segmental necrosis and lymphocytic 
infiltration. Cysts and tachyzoites were identi- 
fied in the area of necrosis (Figs. 2 and 3). 
Organisms were clustered around retinal blood 
vessels. The choroid contained a few organisms 
and an infiltrate of plasma cells and eosino- 
phils. 

Oral pyrimethamine (25 mg daily) therapy 
was added, and sulfadiazine was discontinued 
because of a suspected allergic rash. Retinal 
lesions in both eyes healed after four weeks. A 
rhegmatogenous retinal detachment occurred 
in the left eye. Surgical reattachment was per- 
formed, but detachment recurred six weeks 
later with development of proliferative vitreo- 
retinopathy. 

Three months later, the patient developed 
Pneumocystis carinii pneumonia and died. A 
diagnosis of AIDS was made. At autopsy, T. 
gondii was found in the lymph nodes and liver. 
The eyes were not examined. 





Fig. 2 (Holland and associates). Case 2. Photomi- 
crograph shows severe retinal necrosis and fibrin 
thrombi (black arrow) within retinal vessels. Toxo- 
plasma gondii cysts are present (white arrow) (hema- 
toxylin and eosin, X 40). 





Fig. 3 (Holland and associates). Higher magnifica- 
tion of tissue in Figure 2 shows cysts (black arrow) 
and trophozoites (white arrows) (hematoxylin and 
eosin, X 400). 


Case 3 

A 28-year-old homosexual man developed 
chronic diarrhea and weight loss. (A previous 
report? described this patient, but did not in- 
clude the clinical and histologic features of the 
patient’s ocular disease, and the nonocular 
sites of T. gondii infection in this patient have 
been described by Horowitz and associates.°) 
Six months later, Kaposi sarcoma lesions ap- 
peared on his skin and vision blurred in the left 
eye. Visual acuity was R.E.: 20/15 and L.E.: 
20/40. The left eye had 2+ cells in the anterior 
chamber and extensive areas of retinal necro- 
sis, hemorrhage, and vasculitis resembling cy- 
tomegalovirus retinopathy. The right eye had 
cotton-wool spots only. During the following 
month, visual acuity decreased to R.E.: 20/30 
and L.E.: counting fingers at 4 feet. In the right 
eye, there were 1+ cells in the anterior chamber 
and a new focus of presumed cytomegalovirus 
retinopathy. In the left eye, there were 2+ to 
3+ cells in the anterior chamber, the areas of 
retinal necrosis were more extensive, and the 
vitreous was hazy. Anti-Toxoplasma IgG titer 
was 1:4,096, and IgM titer was <1:10 by indi- 
rect fluorescent antibody assay. 

The patient became moribund and showed 
computed tomographic evidence of cerebral 
edema and increasing hydrocephalus. Ventri- 
culostomy and corticosteroid treatment were 
unsuccessful, and the patient died. At autopsy, 
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Fig. 4 (Holland and associates). Case 3. Photomi- 
crograph demonstrates cysts (arrow) and tachyzoites 
within necrotic retina (hematoxylin and eosin, 
x 125). Inset, Cyst and tachyzoites from another area 
of necrosis (hematoxylin and eosin, 700). 


examination showed massive T. gondii infection 
of the brain with necrosis. 

Gross autopsy examination of both eyes dis- 
closed diffuse, white, thickened lesions of the 
retina with hemorrhage. Histologic examina- 
tion demonstrated marked segmental retinal 
necrosis involving all layers of the retina. In 
areas of necrosis there were numerous T. gondii 
tachyzoites and cysts (Fig. 4). Organisms were 
present primarily in the nerve fiber and gangli- 
on cell layers; fewer were present in the inner 
nuclear and outer plexiform layers. They were 
seen rarely among the photoreceptors. Cysts 
were identified in the nerve fiber layer. Areas 
of necrosis had only a sparse inflammatory 
reaction. Retinal vessels containing fibrin 
thrombi were seen in areas adjacent to necrotic 
retina. A localized detachment of the pigment 
epithelium was present in the right eye (Fig. 5) 
and dense collections of tachyzoites were iden- 








a “a a 
Fig. 5 (Holland and associates). Case 3. Photomi- 
crograph shows retinal necrosis with scant inflam- 
matory reaction and serous detachment and disorga- 
nization of retinal pigment epithelium (hematoxylin 
and eosin, x 40). 





tified in cells of the retinal pigment epithelium. 
In certain areas the pigment epithelium was 
obliterated. 

The choroid showed a marked chronic in- 
flammatory reaction with numerous histiocytes 
and eosinophils. Rare tachyzoites were identi- 
fied in the choroid. 

There was infarction of the left optic nerve 
with diffuse necrosis that was contiguous with 
the peripapillary retina. Occasional tachyzoites 
were present in the nerve. These changes ex- 
tended to the cut end of the nerve. Partially 
organized thrombus was present in the central 
retinal artery and vein. Scattered tachyzoites 
were seen in the anterior vitreous of both eyes. 

In the right eye, peripapillary retinal necrosis 
was associated with cytomegalic cells having 
Cowdry-type inclusion bodies characteristic of 
cytomegalovirus infection. This area of cyto- 
megalovirus retinopathy was separated from 
retinal tissue infected with T. gondii. 
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Fig. 6 (Holland and associates). Case 4, right eye. 
A yellow-white subretinal lesion is present adjacent 
to the superotemporal arcade. Retinal striae extend 
toward the fovea. 


Case 4 

A 46-year-old homosexual man developed P. 
carinii pneumonia. Six months later he devel- 
oped imbalance, weakness, slowed mentation, 
impaired memory, and blurred vision with 
metamorphopsia in the right eye. There were 
1+ cells in the anterior chamber, papilledema, 
and one yellow-white, deep retinal lesion adja- 
cent to the superotemporal vascular arcade in 
each eye (Figs. 6 and 7). Retinal striae extended 
to the fovea in the right eye. There were con- 
densations of inflammatory material in the vit- 
reous of both eyes. Computed tomography 
showed ring-enhancing lesions in the left parie- 
tal and occipital lobes, in the right cerebellum, 
and in periventricular areas with partial oblite- 
ration of the right ventricle. Anti-Toxoplasma 
IgG titer was 1:1,024, and IgM titer was <1:10 
by indirect fluorescent antibody assay. 

A regimen of intravenous dexamethasone 
(6 mg every six hours for seven days) and oral 
pyrimethamine (25 mg twice daily) was begun. 
Mental function improved and a second com- 
puted tomographic scan showed a decrease in 
the size of the lesions, decreased edema, and 
normal ventricular configuration. Papilledema 
resolved and vitreous inflammation decreased. 
Therapy was continued with oral pyrimeth- 
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Fig. 7 (Holland and associates). Case 4, left eye. A 
yellow-white subretinal lesion is present adjacent to 
the superotemporal arcade. Inflammatory cell aggre- 
gates are present nasal to the optic nerve head. 


amine (25 mg twice daily), tetracycline (250 mg 
four times daily), and folinic acid (5 mg daily). 
The retinal lesions gradually developed a firm 
appearance with sharp borders. 

Five months later visual acuity was 20/20 in 
both eyes. Anterior chambers and vitreous 
bodies had no inflammatory reaction. There 
was pigment clumping adjacent to the retinal 
lesions in both eyes, without evidence of active 
inflammation. Computed tomography demon- 
strated resolution of the intracranial lesions. 
Several weeks later, the patient developed sep- 
sis and died. No autopsy was performed. 


Case 5 

A 29-year-old homosexual man with a history 
of P. carinii pneumonia complained of decreas- 
ing vision in the right eye. Visual acuity was 
R.E.: counting fingers and L.E.: 20/20. The 
anterior chambers were quiet. There were mul- 
tiple discrete round foci of retinal inflammation 
and hemorrhage in the right eye, with overly- 
ing vitreous cells (Fig. 8, left and Fig. 9, left). 
Retinal vasculitis was present. There were no 
retinochoroidal scars in either eye. Magnetic 
resonance imaging of the brain demonstrated a 
right posterior frontal lobe lesion and a right 
medial temporal lobe lesion. Anti-Toxoplasma 
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Fig. 8 (Holland and associates). Case 5, right eye. Left, Multifocal areas of retinitis (arrows) and exudate 
forming a macular star configuration are present prior to treatment. Right, After four months of spiramycin 
therapy there has been resolution of retinal lesions with scar formation. 


IgG titer was 1:64, and IgM titer was 1:10 by 
indirect fluorescent antibody assay. 

Pyrimethamine was not given because of pre- 
existing bone marrow suppression. Spiramycin 
(1 g four times daily) was obtained for treat- 
ment from the Food and Drug Administration 
on a compassionate protocol basis. Intracranial 
lesions cleared completely, and retinal lesions 
resolved with scar formation (Fig. 8, right and 
Fig. 9, right) over the next four months. Visual 
acuity improved to R.E.: 20/40. 

Despite continued treatment, the patient de- 
veloped seizure activity and new intracranial 
lesions were found. There was no reactivation 


of the retinal inflammation. Repeat serologic 
examinations showed an anti-Toxoplasma IgG 
titer of 1:512 and IgM titer of <1:10 by indirect 
fluorescent antibody assay. Toxoplasma cysts 
were identified on a frontal lobe biopsy speci- 
men. A regimen of oral clindamycin (300 mg 
three times daily) and pyrimethamine (100 mg 
daily) was started and seizure activity ceased. 
One year later, he was still receiving medica- 
tions and had no retinal disease. 


Case 6 
A 42-year-old bisexual man developed dis- 
seminated histoplasmosis and persistent oro- 





Fig. 9 (Holland and associates). Case 5, right eye. Left, The nasal fundus of the same eye shown in Figure 8 has 
peripapillary and peripheral foci of retinitis (arrows) and superficial retinal hemorrhages before treatment. 
Right, After four months of spiramycin therapy there has been resolution of retinal lesions with scar formation. 
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esophageal herpes simplex virus lesions of 
greater than five weeks’ duration. Although 
consistent with AIDS, the syndrome had not 
been diagnosed previously. Two months later, 
he complained of blurring in the left eye, al- 
though visual acuity was 20/20 in both eyes. 
The right eye was normal. In the left eye there 
were 2+ cells in the anterior chamber and a 
small intraretinal and preretinal hemorrhage in 
the inferotemporal periphery. One month later 
there was a white retinal lesion in the same area 
with cells in the overlying vitreous (Fig. 10, top 
left). The lesion continued to enlarge over the 
next two months despite treatment with am- 
photericin B for a presumed fungal infection 
(Fig. 10, top right). Computed tomography of 
the head showed no lesions. Anti-Toxoplasma 
IgG titer was 1:1,024, and IgM titer was <1:10 
by indirect fluorescent antibody assay. 

A regimen of oral pyrimethamine (50 mg 
daily) and sulfadiazine (2.5 g daily) was start- 


ed. There was clearing of the inflammatory 
reaction and scarring of the retinal lesion (Fig. 
10, bottom left). Therapy was stopped after 
seven weeks and a small vitreous hemorrhage 
appeared in the area of the retinal scar. Two 
weeks later there was recurrence of inflamma- 
tory reactions in the anterior chamber and vit- 
reous, and reactivation of the retinochoroidal 
lesion. Visual acuity decreased to L.E.: 20/200. 
Sulfadiazine and pyrimethamine therapy was 
restarted. Over the next two months, visual 
acuity improved to L.E.: 20/25 and the retino- 
choroidal lesion became quiescent again. The 
patient continued to receive sulfadiazine thera- 
py and nine months later he was alive with no 
visual or ocular problems. 


Case 7 

A 23-year-old asymptomatic homosexual 
man was found to have antibodies to HIV. Four 
months later he developed redness, photopho- 








Fig. 10 (Holland and associates). Case 6, left eye. 
Top left, A small focus of retinitis, perivasculitis, and 
superficial retinal hemorrhages is present in the 
inferior fundus. Top right, There has been marked 
progression of the area of retinitis over a two-month 
period. Bottom left, After seven weeks of antipara- 
sitic therapy, there is decreased retinal inflamma- 
tion. Vitreous organization has occurred over the 
initial focus of retinitis. 
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bia, and blurring in the right eye. Visual acuity 
was R.E.: 20/50 and L.E.: 20/20. Results of an 
excisional biopsy of a conjunctival lesion in the 
left inferior cul-de-sac confirmed a diagnosis of 
Kaposi sarcoma. In the right eye there were 2+ 
cells in the anterior chamber with scattered 
medium to large pigmented keratic precipitates 
and broad posterior synechiae, white translu- 
cent iris stromal nodules, and a mild cellular 
reaction in the anterior vitreous, but no retinal 
lesions. In the left eye there were 1+ cells in the 
anterior chamber and a wedge-shaped area of 
retinal necrosis extending from the equator to 
the ora serrata in the 1 o’clock meridian with 
subretinal fluid, scant intraretinal hemorrhage 
at the borders of the lesion, and inflammatory 
cells in the overlying vitreous. There was multi- 
focal vascular sheathing in the peripheral reti- 
na. Computed tomography showed no intra- 
cranial lesions. Anti-Toxoplasma IgG titer was 
>1:1,024, and IgM titer was <1:10 by indirect 
fluorescent antibody assay. The retinal lesion 
increased in size over the next ten days. 

A regimen of oral pyrimethamine (25 mg 
twice daily), sulfadiazine (1 g four times daily), 
and folinic acid (5 mg every other day) was 
begun. During the following three weeks, the 
iris lesions and anterior chamber reaction in the 
right eye resolved, and there was involution of 
the retinal lesion in the left eye with scar 
formation. Medications were discontinued 


after one month of treatment, and oral tetracy- 
cline therapy (250 mg four times daily) was 
begun. 

One month later the patient developed float- 
ers in the left eye. Visual acuity was 20/20 in 
both eyes. A large retinal flap tear was present 
at the posterior border of the healed retinal 
lesion. Cryoretinopexy was performed to seal 
the retinal break. 

Five months later tetracycline was discontin- 
ued, and recurrent inflammation developed at 
the borders of the retinal scar in the left eye. 
There was no recurrence of inflammation in the 
anterior segment of the right eye. Pyrimeth- 
amine, sulfadiazine, and folinic acid therapy 
was reinstituted for one month. Inflammation 
subsided and tetracycline therapy was re- 
sumed. Three months later there had been no 
recurrence of intraocular inflammation. 


Case 8 

A 45-year-old homosexual man developed 
antibodies to HIV and P. carinii pneumonia. 
Four months later visual acuity decreased to 
counting fingers in the left eye. There were 1+ 
cells in the anterior chamber and a focal area of 
inner retinal inflammation with fuzzy borders 
in the macula of the left eye (Fig. 11, left). 
Visual acuity in the right eye was 20/20 and 
there were no retinal inflammatory lesions. No 
intracranial lesions were found. Anti- 





Fig. 11 (Holland and associates). Case 8, left eye. Left, A focal area of inner retinal inflammation is present in 
the macula. Right, There has been resolution and scarring of the macular lesion after two months of treatment 
with pyrimethamine and sulfadiazine. 
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Toxoplasma IgG titers by Sabin-Feldman dye test 
was 1:16,000 and IgM-ELISA test had a value of 
10.8, with values above 6.0 in adults indicating 
recent infection. Two weeks later the IgG titer 
rose to 1:64,000 and the IgM-ELISA value rose 
toTl.1. 

A regimen of oral pyrimethamine (25 mg 
daily) and sulfadiazine (2 g four times daily) 
was begun. During the next three weeks, the 
size of the macular lesion decreased and the 
borders became more distinct leaving a fibrotic 
inner retinal scar (Fig. 11, right). After three 
months of therapy, visual acuity improved to 
L.E.: 20/80 and there was no recurrence of 
retinal inflammation. 





Results 





All of our patients had AIDS as defined by 
the Centers for Disease Control.” AIDS is the 
most severe in a spectrum of clinical states that 
result from infection with HIV. It is character- 
ized by a unique array of severe immunologic 
disorders that predispose patients to one or 
more specific indicator diseases, which include 
life-threatening opportunistic infections (such 
as P. carinii pneumonia) and unusual neo- 
plasms (such as Kaposi sarcoma). Some indica- 
tor diseases are so specific for AIDS (in the 
absence of other causes for immunosuppres- 
sion) that confirmation of antibodies to HIV is 
not required for diagnosis. Each of our patients 
had at least one indicator disease. 

Ocular toxoplasmosis was bilateral in three 
cases and unilateral in five (Table). Four pa- 
tients had single discrete foci of disease in one 
or both eyes, one had multifocal discrete le- 
sions in one eye, and three had diffuse areas of 
retinal necrosis. Six patients had full-thickness 
necrosis. In one patient lesions were confined 
to the outer retina, and in another patient there 
was inflammation only in the inner retina at the 
time of diagnosis. No patient showed any evi- 
dence of preexisting chorioretinal scars. 

All patients had serum IgG antibodies to T. 
gondii at the time of diagnosis. Antibody titers 
ranged from 1:64 to 1:4,096 by indirect fluores- 
cent antibody assays and a titer of 1:16,000 by 
Sabin-Feldman dye test was found in one pa- 
tient. Serum IgM antibody titer was deter- 
mined in seven patients and was increased in 
only two. 

Rhegmatogenous retinal detachment oc- 
curred in two patients, and a retinal tear at the 


border of a toxoplasmic lesion was treated pro- 
phylactically with cryotherapy in another. 

Seven patients received antiparasitic drug 
therapy. Six responded to pyrimethamine, ei- 
ther alone or in combination with sulfadiazine, 
clindamycin, or tetracycline. The other re- 
sponded to spiramycin. In one patient the le- 
sions did not respond to a combination of 
sulfadiazine and clindamycin but subsequently 
responded to pyrimethamine. Two of three pa- 
tients in whom therapy was discontinued had 
reactivation of retinal disease. Continued anti- 
parasitic drug therapy maintained quiescence 
of the lesions for as long as 12 months in one 
patient. 

Of the five patients who had evidence of 
nonocular T. gondii infection, four showed in- 
fection of the brain. In three of these four 
patients, visual symptoms attributable to ocu- 
lar disease preceded other neurologic signs and 
symptoms. 

All patients had some evidence of HIV infec- 
tion before the development of ocular disease. 
In two patients ocular toxoplasmosis preceded 
the development of indicator diseases that ful- 
filled Centers for Disease Control criteria for 
diagnosis of AIDS, and in two a diagnosis of 
AIDS had not yet been made despite the coexis- 
tence of diagnostic disorders. 

Histopathologic findings common to the reti- 
nal biopsy specimens of Patient 2 and speci- 
mens taken at autopsy of Patient 3 were exten- 
sive retinal necrosis with scant retinal 
inflammation; prominent choroidal inflamma- 
tion; and the presence of T. gondii trophozoites 
and cysts in retina, retinal pigment epithelium, 
and to a lesser extent choroid and vitreous. In 
the specimens from Patient 3 organisms were 
more common in the inner layers of the neuro- 
retina. Infarction of the left optic nerve, which 
contained trophozoites, was a prominent fea- 
ture. The right eye had concurrent cytomegalo- 
virus retinopathy. 





Discussion 





Toxoplasma gondii, which appears to have a 
predilection for the central nervous system in 
immunocompromised hosts, is a common op- 
portunistic pathogen in HIV-infected patients. 
Intracranial toxoplasmosis is one of the disor- 
ders diagnostic of AIDS” and may be its initial 
manifestation.” Seven (2.6%) of 269 unselected 
patients with AIDS in one series had central 
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TABLE 
CHARACTERISTICS OF OCULAR TOXOPLASMOSIS IN PATIENTS WITH AIDS 





RETINAL DISEASE 


PATIENT NO., 
AGE (vrs), AIDS RISK ANTIBODY TYPE PREEXISTING 
SEX FACTOR PREEXISTING AIDS TITERS* LATERALITY OF LESION RETINOCHOROIDAL SCAR 

1, 38,M Homosexual No IgG: 1:1,024 Unilateral Single No 
IgM: <1:10 

2, 44, F Not determined No IgG: 1:512 Bilateral Diffuse No 
IgM: not tested 

3, 28,M Homosexual Yes IgG: 1:4,096 Bilateral Diffuse No 
IgM: <1:10 

4,46,M Homosexual Yes IgG: 1:1,024 Bilateral Single No 
IgM: <1:10 

5, 29,M Homosexual Yes IgG: 1:64 Unilateral Multifocal No 
IgM: 1:10 

6, 42, M Bisexual Yes, undiagnosed IgG: 1:1,024 Unilateral Single No 
IgM: <1:10 

7,23, M Homosexual Yes, undiagnosed IgG: >1:1,024 Unilateral Diffuse No 
IgM: <1:10 

8, 45, M Homosexual Yes IgG: 1:16,000' Unilateral Single No 
IgM: 10.8 





“Determined by indirect fluorescent antibody assay unless otherwise noted. 


'Sabin-Feldman dye test. 
‘IgM-ELISA (values of >6.0 indicate recent infection). 
NA, not applicable. 


nervous system toxoplasmosis." In a review of 
the literature, Levy, Bredesen, and Rosenblum? 
found that among patients with both AIDS and 
central nervous system disorders, 103 (33%) of 
315 had toxoplasmosis. 

Toxoplasma gondii can cause diffuse necrotiz- 
ing encephalopathy or discrete, space- 
occupying, intracranial lesions.*!*". Clinical 
manifestations include focal neurologic defi- 
cits, seizures, visual field defects, and altered 
levels of consciousness. Necrosis of the brain 
may lead to death. 

The most common radiographic finding is 
one or more focal lesions on computed tomog- 
raphy that have a ring-shaped enhancement 
after contrast infusion’ (Fig. 1). With diffuse 
disease, however, results of computed tomog- 
raphy may be normal.’ 

Examination of cerebrospinal fluid is not 
helpful in making the diagnosis. The fluid may 
be normal or there may be increases in protein 
levels with hypoglycorrhachia and mild pleocy- 
tosis,>° 


Ocular toxoplasmosis, in contrast to intracra- 
nial disease, appears to be uncommon in pa- 
tients with AIDS.*’ None of 35 patients with 
AIDS examined by Pepose and associates” at 
autopsy had ocular toxoplasmosis. Only one of 
72 patients with AIDS examined by Friedman‘ 
had ocular toxoplasmosis. In two small series of 
patients with both AIDS and intracranial toxo- 
plasmosis, ocular infection occurred in 10% 
and 20%.'"8 

The present series demonstrates that AIDS- 
related toxoplasmic retinochoroiditis may have 
several clinical manifestations, including single 
discrete lesions in one or both eyes, multifocal 
discrete lesions, or diffuse areas of retinal ne- 
crosis. Hemorrhage is minimal. Vascular 
sheathing may be present, and prominent in- 
flammatory reactions in the vitreous and ante- 
rior chambers are common. Histologic exami- 
nation of two cases, however, showed 
relatively little inflammation within the retina 
itself, a finding consistent with the scant in- 
flammatory reaction that characterizes toxo- 
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TABLE (Continued) 
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SITES OF NONOCULAR 
T. GONDII 


INFECTION ANTIPARASITIC THERAPY 


Right frontoparietal lobe Pyrimethamine and 
sulfadiazine 

(1) Sulfadiazine 
and clindamycin 


(2) Pyrimethamine 


Liver, lymph nodes 


Extensive necrotizing None 
encephalitis 

Left parietal, occipital Pyrimethamine and 
lobes; right cerebellum, tetracycline 
paraventricular lesions 

Right frontal, temporal lobes Spiramycin 


None detected Pyrimethamine and 


sulfadiazine 
None detected Pyrimethamine and 

sulfadiazine 
None detected Pyrimethamine and 

sulfadiazine 


CURRENT INTERVAL SINCE DIAGNOSIS 
RESPONSE! STATUS OF OCULAR LESIONS (wos) 

Yes Dead 4 

No Dead 5 

Yes 

NA Dead Diagnosis at autopsy 
Yes Dead 5 

Yes Alive 12 

Yes Alive 9 

Yes Alive 9 

Yes Alive 2 


a ee a ee 


plasmic lesions of the brain in patients with 
AIDS.?:° 

Infection usually produces full-thickness ret- 
inal necrosis, but early lesions may be confined 
to the inner or outer layers. The lesions in 
Patient 4, although larger, had features in com- 
mon with punctate outer retinal toxoplasmosis, 
as described by Friedmann and Knox”! and Doft 
and Gass”: deep retinal opacification with little 
overlying vitreous reaction. 

Findings in this series are consistent with the 
few previously reported cases of ocular toxo- 
plasmosis in patients with AIDS.*7 Schuman 
and Friedman? and Friedman‘ reported two 
cases of unilateral ocular disease characterized 
by discrete yellow-white intraretinal lesions 
and vitreous inflammation. Histologic exami- 
nation of one case showed a lack of inflammato- 
ry cells in the necrotic retina.‘ A preexisting 
retinochoroidal scar was present in only one 
case.’ In a case described by Heinemann, Gold, 
and Maisel,° there was a preexisting scar in the 
midperipheral retina of one eye, but extensive 
diffuse disease developed in the posterior poles 
and around the optic nerve heads of both eyes. 
Parke and Font’ described a patient with unilat- 


eral, diffuse disease that resembled the acute 
retinal necrosis syndrome. Histologic examina- 
tion disclosed trophozoites primarily in the 
inner retinal layers. Weiss and associates? de- 
scribed a patient with peripheral toxoplasmic 
retinochoroiditis in both eyes. 

Ocular toxoplasmosis has similar features in 
patients having other causes of immunosup- 
pression as well. Nicholson and Wolchok” de- 
scribed a woman with a lymphoproliferative 
disorder of unknown type who developed 
widespread bilateral retinal necrosis while re- 
ceiving prolonged systemic corticosteroid ther- 
apy. Histopathologic examination demonstrat- 
ed trophozoites and cysts with little 
inflammatory reaction. Necrosis was restricted 
to the inner retina in many lesions. Early le- 
sions were primarily perivascular in location, 
suggesting that organisms reached the eye via 
the blood stream. Although organisms were 
present in the prelaminar, laminar, and ante- 
rior retrolaminar optic nerve, no organisms 
were present in the orbital portion of the nerve. 
Hoerni and associates™ described two patients 
with Hodgkin’s disease who developed focal 
inflammatory retinochoroidal lesions consis- 
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tent with T. gondii infection after being treated 
with chemotherapeutic agents. Yeo and associ- 
ates” described a patient with lymphoma treat- 
ed by irradiation and chemotherapy who devel- 
oped a focal retinochoroidal lesion in one eye 
that spread to involve the entire posterior pole. 
Examination at autopsy showed retinal necro- 
sis, cysts and rare trophozoites, and virtually 
no inflammation. Lesions were associated with 
a placoid proliferation of retinal pigment epi- 
thelial cells. In none of these cases were there 
retinochoroidal scars at the time disease devel- 
oped. 

It is stated frequently that the high incidence 
of toxoplasmosis in immunocompromised pa- 
tients, including those with AIDS, is the result 
of reactivation of latent infections. 1121416 
Cohen” found basal ganglionic calcifications in 
a patient with intracranial toxoplasmosis who 
had received immunosuppressive therapy, 
suggesting that the patient had had a congeni- 
tal infection. Wong and associates" cited sero- 
logic evidence for their conclusion that toxo- 
plasmosis in patients with AIDS is the result of 
reactivated infections. An estimated 21% to 
43% of individuals with or at risk for AIDS have 
preexisting antibodies to T. gondii, depending 
on their risk group and location." Of these 
patients, 6% to 25% will develop active central 
nervous system toxoplasmosis. !"™ 

Recurrent disease, resulting from reactiva- 
tion of encysted organisms that remain from 
congenital infections, is believed to be the 
cause of ocular toxoplasmosis in otherwise 
healthy individuals.” Lesions are character- 
ized by a single focus of intense retinochoroidal 
inflammation originating from the border of a 
hyperpigmented scar. Development of ocular 
lesions in immunocompetent individuals with 
acquired toxoplasmosis is uncommon.” In pa- 
tients with AIDS, however, clinical findings 
suggest that most ocular lesions are the result 
of newly acquired disease or organisms newly 
disseminated to the eye from nonocular sites of 
disease; the disease may be bilateral and multi- 
focal, lesions may occur adjacent to retinal 
blood vessels, and the lesions rarely are associ- 
ated with preexisting retinochoroidal scars. 

In our patients, the amount of vitreous haze 
and the severity and extent of retinal necrosis 
were never enough to prevent visualization of 
preexisting retinochoroidal scars, had they 
been present. The lack of scars, however, does 
not completely rule out the possibility that 
ocular disease resulted from recurrence of con- 
genital infection; cysts have been seen in clini- 


cally normal-appearing retinal tissue of immu- 
nocompetent individuals.*! 

The patient described by Heinemann, Gold, 
and Maisel® had negative antibody tests before 
the development of retinal disease, supporting 
the concept that the infection was acquired. 
Two patients in the present series showed an 
increased IgM antibody level. Serologic diag- 
nosis of toxoplasmosis, however, may be unre- 
liable in patients with AIDS." It is rare for IgG 
titers to be above 1:1,024 and IgM titers are 
usually low or negative.'*!"35 IgG titers may 
not rise.” Lack of specific IgM antibodies may 
be a reflection of the severe immunodeficiency 
of the disease." A rare case of biopsy-proven 
toxoplasmosis with negative serologic tests has 
been reported.” 

The presence of cysts in ocular tissue of 
patients with active disease does not indicate 
reactivation. Cyst formation can occur rapidly 
in acute infections.” It has been shown in 
vitro that cyst formation may be a response to 
antibodies against T. gondii.” Thus, cyst forma- 
tion would occur despite the cellular immuno- 
deficiency associated with AIDS. 

The immunodeficiency of AIDS undoubtedly 
is responsible for the large numbers of organ- 
isms in eyes, their widespread distribution in 
the retina, and their presence in choroidal tis- 
sue since cell-mediated immunity plays a criti- 
cal role in the normal host defenses against 
intracellular parasites like T. gondii. In other- 
wise healthy patients, T. gondii does not infect 
uveal tissue and anterior segment struc- 
tures.” In this series, however, organisms 
were found in choroid of both cases examined 
histologically. The iris inflammatory lesion that 
resolved with pyrimethamine and sulfadiazine 
therapy in Patient 7 may have been a focus of T. 
gondii infection. Although not confirmed histo- 
pathologically in this case, encysted organisms 
have been found in an iris biopsy specimen 
from another patient with AIDS and iridocycli- 
tis (M. Burnier, Jr., M.D., C. E. Pavesio, M.D., 
and R. Belfort, Jr., M.D., verbal communica- 
tion, March 1988). 

In our study, histopathologic examination 
showed that retinal pigment epithelial cells 
were heavily infected. Whether this infection 
was related to their phagocytic function, as 
previously suggested,” is uncertain in view of 
experimental evidence that retinal pigment epi- 
thelial phagocytosis in vitro is highly specific 
for rod outer segments in preference to other 
particles, including microorganisms. 

Parasites were also found in the vitreous 
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humor. Toxoplasma gondii has been identified in 
mice inoculated with vitreous from AIDS pa- 
tients with ocular toxoplasmosis," but cyto- 
logic examination of vitreous in such cases has 
not been shown to be diagnostically useful.’ 

Studies in a nonhuman primate model sug- 
gest that cellular immunodeficiency alone will 
not cause reactivation of encysted organisms in 
the eye.” In support of this hypothesis is the 
finding in patients with AIDS of retinocho- 
roidal scars that are consistent with healed 
congenital T. gondii infection but have no signs 
of disease reactivation.® If organisms are ac- 
quired, newly disseminated to the eye, or reac- 
tivated by other, as yet undetermined factors, 
the immunodeficiency of AIDS then may allow 
proliferation of trophozoites with development 
of severe disease. 

It has been suggested that congenital T. 
gondii infections may be transmitted to the eye 
from the brain via the optic nerve. This 
mechanism might explain the presence of or- 
ganisms in the optic nerves of patients with 
AIDS and the frequent development of peri- 
papillary retinal disease. Ocular toxoplasmosis 
may develop without evidence of intracranial 
disease, however. 

In some cases, ocular toxoplasmosis can be 
confused with retinal necrosis caused by cyto- 
megalovirus. Cytomegalovirus retinopathy is 
the most common AIDS-related ocular infec- 
tion, with a prevalence of approximately 20% to 
30% .**° It is characterized by dry, granular- 
appearing areas of necrosis with irregular 
feathered borders, usually spreading along 
vessels, and often with extensive hemorrhage. 
It causes little inflammation. In patients with 
extensive retinal necrosis, a prominent inflam- 
matory reaction in the anterior chamber or 
vitreous suggests a diagnosis of toxoplasmosis. 

The retina may be infected by both T. gondii 
and cytomegalovirus, as in Case 3. There is a 
well-known association between these two op- 
portunistic infections in immunocompromised 
hosts." Coinfection appears to be more fre- 
quent than would be expected from chance 
alone, although the reason for this association 
is unknown.” 

An 80% response rate to medical treatment 
has been reported in immunocompromised pa- 
tients with disseminated toxoplasmosis. The 
patients in the current study demonstrated that 
standard antiparasitic drug therapies can also 
control AIDS-related ocular lesions. Pyrimeth- 
amine in combination with an antimicrobial 
agent such as sulfadiazine, clindamycin, or 


tetracycline appears to be the most effective 
treatment. A combination of pyrimethamine 
and clindamycin is reported to be more effec- 
tive than either pyrimethamine alone or in 
combination with sulfadiazine for patients with 
AIDS.” 

Spiramycin, a macrolide antibiotic with an 
antibacterial spectrum similar to erythromycin 
that is used widely in Europe and Japan for the 
treatment of toxoplasmosis, was used success- 
fully in one patient. The drug has been report- 
ed to be useful for cases of ocular disease,” but 
may be less effective than other drugs." 
Spiramycin is available in the United States 
only from the Food and Drug Administration 
on a compassionate protocol basis. 

Toxoplasmosis in patients with AIDS fre- 
quently recurs when medical treatment is dis- 
continued.”*""® A relapse rate of at least 30% 
has been reported,’ and two of three patients in 
the present series had reactivation of retinal 
lesions when treatment was stopped. It may be 
necessary to continue treatment indefinitely to 
maintain control of the disease, but adequate 
maintenance treatment regimens have not been 
determined. Prolonged therapy may be diffi- 
cult in some patients; treatment with pyrimeth- 
amine is a potential problem in individuals 
with preexisting bone marrow suppression, 
and development of allergic reactions to sul- 
fonamides is common among patients with 
AIDS. 

Corticosteroid therapy may be necessary in 
patients with intracranial toxoplasmosis to re- 
duce cerebral edema, but can result in further 
deterioration by allowing extension of infec- 
tion. The role of corticosteroids, if any, for 
treatment of ocular toxoplasmosis in patients 
with AIDS is uncertain. They are used fre- 
quently in conjunction with antiparasitic drugs 
to reduce ocular inflammation and its sequelae 
in immunocompetent patients with ocular tox- 
oplasmosis, but should not be used alone be- 
cause of its immunosuppressive effect and po- 
tential for exacerbation of infection.*“* There 
may be little need for corticosteroids in the 
treatment of immunodeficient patients with 
retinal infections since little intraretinal inflam- 
mation has been found in areas of necrosis. 

Although uncommon, ocular toxoplasmosis 
in patients with AIDS is an important disorder. 
It may be the first manifestation of life- 
threatening intracranial and disseminated T. 
gondii infections; accurate diagnosis may allow 
early referral to neurologists and infectious 
disease specialists. Vision may be preserved 
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with early and appropriate medical therapy. 
The study of toxoplasmosis in patients with 
AIDS may also provide further insight into the 
role of immune mechanisms inthe pathophysi- 
ology of acquired and recurrent ocular infec- 
tion. 
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OPHTHALMIC MINIATURE 
Magical birds: Phoenix, hawk, and crane 


owl and gander, wren, 


Bright eyes aglow: Polishing clawfoot 


with talons spread, subtle birds 


Wheel and go, leaving air in shreds 


black beaks shine in gray haze. 
Brushed by the hawk’s wing 
of vision. 


Gary Snyder, “Myths and Texts,” 1960 





Intraoperative Perfluorocarbon Liquids in the Management 


of Proliferative Vitreoretinopathy 





Stanley Chang, M.D., Emin Ozmert, M.D., and Neal J. Zimmerman, M.D. 


Three low-viscosity perfluorocarbon liquids 
were used intraoperatively for hydrokinetic 
manipulation of the retina during vitreous 
surgery for retinal detachment with advanced 
proliferative vitreoretinopathy. All 23 patients 
had massive proliferative vitreoretinopathy 
(Grade D, Retina Society classification), and 
16 (69.6%) had Grade D-3 with a closed-funnel 
configuration. In 21 eyes the retina could be 
flattened intraoperatively by perfluorocarbon 
liquids without requiring posterior retinoto- 
my for internal drainage of subretinal fluid. 
The temporary mechanical fixation of the reti- 
na provided by this tool facilitated the remov- 
al of epiretinal membranes and release of trac- 
tion. Fifteen eyes (65.2%) maintained long- 
term retinal reattachment with follow-up of 
six months or more. These liquids are useful 
adjuncts in the management of retinal detach- 
ment with severe proliferative vitreoreti- 
nopathy. 


THE DEVELOPMENT of new techniques for the 
management of retinal detachment with severe 
proliferative vitreoretinopathy has resulted in 
improved rates of retinal reattachment. Reti- 
notomy has allowed release of forces exerted by 
intractable membranes.'” Retinal tacks provide 
temporary or permanent mechanical fixation of 
the retina.** Intraoperative hydrokinetic ma- 
nipulation of the retina with silicone oil or gas 
has assisted in the removal of epiretinal mem- 
branes.'' Low-viscosity perfluorocarbon liq- 
uids are a class of compounds with physical 
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properties that offer potential as an intraopera- 
tive tool during vitrectomy for proliferative 
vitreoretinopathy. Ina preliminary report, low- 
viscosity perfluorocarbons were used in two 
patients with severe proliferative vitreoreti- 
nopathy.* The high specific gravity of per- 
fluorotributylamine flattened the retina and dis- 
placed the subretinal fluid without posterior 
retinotomy. This report summarizes the tech- 
niques, clinical results, and complications of 23 
consecutive patients with retinal detachment 
and severe proliferative vitreoretinopathy 
managed intraoperatively with low-viscosity 
perfluorocarbons. 





Material and Methods 





Twenty-four consecutive patients were man- 
aged with intraoperative perfluorocarbon liq- 
uids for retinal detachment with advanced pro- 
liferative vitreoretinopathy from May 1986 to 
September 1987. In all patients the severity of 
proliferative vitreoretinopathy was massive 
(Grade D, Retina Society classification’). The 
patients were observed for a minimum of six 
months. One patient was lost to follow-up after 
one month. This patient’s retina had been reat- 
tached under silicone oil. Of the 23 patients 
included in the study, ten were male and 13 
female. The mean age was 45.8 years (range, 10 
to 87 years). Eight patients had a previous 
history of ocular trauma ranging from 1.5 to 8 
months previously (mean, 3.8 months). Four 
patients had had penetrating wounds of the 
anterior segment involving the lens and vitre- 
ous. In two of these patients, retinal detach- 
ment was associated with proliferation from a 
posterior retinal impact site by a metallic intra- 
ocular foreign body. Two eyes had posterior 
scleral ruptures following blunt nonpenetrat- 
ing injuries. A history of blunt trauma was 
obtained in two patients without evidence of 
ocular penetration. In three patients, retinal 
detachment with proliferative vitreoretinopa- 
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thy developed following expulsive choroidal 
hemorrhage during cataract surgery. Preopera- 
tively, 11 patients were phakic, nine patients 
aphakic, and three pseudophakic with anterior 
chamber lenses. Seven patients had no previ- 
ous history of retinal surgery. Sixteen patients 
had had at least one previous scleral buckle 
procedure and six of these had had several. Ten 
patients had had a previous vitrectomy. Four 
patients had had fluid-gas exchange with 
photocoagulation after vitreous surgery. 

Vitreous surgery was performed by means of 
the standard 20-gauge, three-port, pars plana 
approach. In phakic eyes, lenses were removed 
by phacofragmentation. An anterior chamber 
lens implant was removed in one eye because 
of partial dislocation. 

The decision to use a perfluorocarbon liquid 
was made intraoperatively when either the reti- 
nal detachment had a narrow-funnel (Stage 
D-2) or closed-funnel (Stage D-3) configuration 
and large folds obscured visualization of resid- 
ual epiretinal membranes. They were also used 
after removal of posterior membranes when 
there was extensive anterior peripheral prolife- 
ration that could not be released without risk of 
iatrogenic retinal tears. The perfluorocarbon 
liquids could not be used when large posterior 
retinal breaks were present. 

In all cases perfluorocarbon liquids were pur- 
ified for intraocular use. The physical charac- 
teristics of the three compounds used are listed 
in Table 1. Each perfluorocarbon compound 
was at least 98% pure with minimal residual 
hydrogen content. Perfluorotributylamine was 
used initially in ten patients, and later, per- 
fluorooctane (seven patients) and perfluorode- 
calin (six patients) were randomly assigned. 
The liquids were sterilized through double 
0.22-4m Millipore filters immediately before 
use. 

During surgery, a broad encircling scleral 


buckle supporting the region of the vitreous 
base was added if not present from previous 
surgery. Epiretinal membranes were dissected 
and peeled with a membrane forceps or pick, 
and transected or delaminated with vitreous 
scissors. After removal of all visible posterior 
preretinal membranes the perfluorocarbon liq- 
uid was injected into the eye with a blunt 20- or 
23-gauge needle placed over the optic disk. The 
funnel of the retinal detachment was spread 
open by the clear perfluorocarbon liquid, dis- 
closing areas of residual traction and mem- 
branes. The perfluorocarbon interface was kept 
posterior to these areas and epiretinal mem- 
branes were removed from a posterior to ante- 
rior direction. As traction was released, the 
retina flattened posteriorly, and more perfluo- 
rocarbon liquid was added. By keeping the tip 
of the needle in the initial bubble, dispersion 
was minimized. The final level of the perfluoro- 
carbon liquid was kept posterior to any large 
retinal breaks. Using scleral depression, ante- 
rior peripheral proliferation near the vitreous 
base was dissected (Fig. 1). When adherent 
membranes could not be removed, circumfer- 
ential relaxing retinotomies were made anterior 
to the level of perfluorocarbon liquid. Subreti- 
nal membranes were extracted through reti- 
notomies only if the traction was thought to 
prevent retinal reattachment. A partial fluid-air 
exchange with internal drainage of subretinal 
fluid flattened the anterior retina and breaks 
against the buckle. Argon laser endophoto- 
coagulation was applied 360 degrees on the 
scleral buckle and surrounding all retinal 
breaks posterior to the buckle. The air bubble 
replaced the infusion solution above the perflu- 
orocarbon liquid that kept the posterior retina 
in place. After completion of laser, the remain- 
ing perfluorocarbon liquid was removed with a 
20-gauge flute needle. The air-filled vitreous 
was replaced with an air-perfluorocarbon gas 


TABLE 1 
PHYSICAL PROPERTIES OF PERFLUOROCARBON LIQUIDS 


_—_ooeeoe—————— CC rr — 


PERFLUOROTRIBUTYLAMINE PERFLUOROOCTANE PERFLUORODECALIN 
Chemical formula Cy2F27N CaFig CioF 18 
Molecular weight 671 438 462 
Specific gravity 1.89 1.76 1.94 
Surface tension (dynes/cm, 25 C) 16 14 16 
Refractive index 1.29 1.27 1.31 
Viscosity (centistoke, 25 C) 2.6 0.8 2r 
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Fig. 1 (Chang, Ozmert, and Zimmerman). Perfluo- 
rocarbon liquids flatten the posterior retina and pro- 
vide temporary mechanical fixation of the peripheral 
retina during removal of anterior proliferation. 


mixture (17% to 20% perfluoropropane in 21 
eyes, 20% to 25% perfluoroethane in one eye) 
or silicone oil of 1,000 centistokes (one eye) for 
long-term retinal tamponade. The patients 
were followed up weekly for the first six weeks 
postoperatively at which time visual acuity, 
intraocular pressure, slit-lamp, and ophthal- 
moscopic findings were noted. Reoperations 
were done if retinal detachment occurred sec- 
ondary to recurrent proliferation. The retina 
was considered reattached if the retina posteri- 
or to the encircling buckle and line of photoco- 
agulation was flat. Cases were considered fail- 
ures if the retina redetached posterior to the 
scleral buckle. 


Results 





The perfluorocarbon liquids were effective in 
flattening the retinas of 21 of 23 patients intra- 


operatively. Subretinal fluid was displaced an- 
teriorly through retinal breaks and into the 
vitreous space. Frequently during injection the 
subretinal fluid entering the vitreous exhibited 
a schlieren effect observed when fluids with 
differing refractive indices are mixed. In two 
patients with D-3 proliferative vitreoretinopa- 
thy the closed funnel of retina could not be 
opened. Both patients had retinal detachments 
following expulsive choroidal hemorrhages 
that developed during cataract surgery. One 
patient was operated on two weeks after cata- 
ract surgery and the other at 15 months. 

During surgery iatrogenic retinal breaks de- 
veloped in five eyes. In three eyes, the retina 
was adherent to the posterior iris surface and 
the tears were made as the instruments were 
passed through the sclerotomy sites. In the 
other two eyes, retinal breaks developed dur- 
ing membrane dissection. In five patients, a 
portion of the perfluorocarbon bubble was ex- 
pressed through a tear and into the subretinal 
space during extensive pulling on adherent 
epiretinal membranes. The perfluorocarbon 
was easily aspirated from the subretinal space 
using the flute needle. 

Nine eyes (39%) underwent vitrectomy revi- 
sion, seven for recurrent retinal detachment 
and two for macular pucker. Perfluorocarbon 
liquid was used a second time in one patient for 
recurrent retinal detachment. In all seven pa- 
tients reoperated on for retinal detachment, the 
retina was flattened intraoperatively. In this 
group, iatrogenic retinal breaks developed in 
two patients during membrane peeling. Per- 
fluoropropane gas was used for long-term tam- 
ponade in five eyes, and silicone oil in two 
eyes. Two eyes achieved long-term retinal reat- 
tachment, both with perfluoropropane gas. In 
both eyes that underwent reoperation for ex- 
tensive macular pucker, the retina remained 
attached. 

Overall, the retina was finally reattached in 
15 of 23 eyes (65.2%). The reattachment rate for 
each grade of proliferative vitreoretinopathy is 
listed in Table 2. The follow-up period ranged 
from six to 20 months with a mean of 10.4 
months. The number of retinas reattached 
using each of the three perfluorocarbon com- 
pounds is listed in Table 3. The postoperative 
visual acuities of 13 patients with successful 
retinal reattachment are listed in Table 4. Nine 
patients regained vision of 20/400 or better. In 
two patients the visual acuity could not be 
measured because of mental retardation but the 
retinas were reattached in both patients in their 
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TABLE 2 
PROLIFERATIVE VITREORETINOPATHY 








REATTACHMENTS 
NO. OF m 
GRADE PATIENTS NO. (%) 
D1, Wide funnel 3 2 (66.7) 
D2, Narrow funnel 4 3 (75.0) 
D3, Closed funnel 16 10 (62.5) 
Total 23 15 (65.2) 





only eye and they became ambulatory without 
help. 

Postoperatively, small droplets of residual 
perfluorocarbon liquid were observed in four 
patients when all perfluorocarbon liquid was 
thought to have been removed during surgery. 
In three patients one or two small droplets were 
freely mobile on the retina and rolled posterior- 
ly as the patient was reclined. In two patients 
the mobile residual perfluorocarbon droplets 
were removed during a reoperation. There was 
no inflammatory reaction around the perfluoro- 
carbon in the third patient followed up for eight 
months. In one patient, two preretinal droplets 
were seen encapsulated on the buckle shortly 
after surgery and have remained unchanged 
for 15 months. 

After retinal reattachment, two patients un- 
derwent penetrating keratoplasty. Both pa- 
tients had preexisting corneal disease (one had 
a corneal laceration, the other a previous pene- 
trating keratoplasty for aphakic bullous kera- 
topathy). The visual acuity improved in both 
patients after surgery. 





Discussion 





Perfluorocarbon liquids are useful for hydro- 
kinetic retinal manipulation during vitreous 
surgery for retinal detachment with severe pro- 
liferative vitreoretinopathy. These liquids have 
unique physical characteristics which are ideal 
for temporary tamponade and mechanical fixa- 
tion of the retina. The high specific gravity 
(approximately 1.9) exerts a flattening force on 
the retina, which is over three times greater 
than that exerted by the same volume of fluoro- 
silicone oil. The low viscosity of liquid perfluo- 
rocarbons facilitates easy introduction and as- 
piration from the eye by means of vitreous 
microsurgical instrumentation. While others 
have suggested the use of fluorosilicone oil as 


TABLE 3 
COMPARISON OF PERFLUOROCARBON LIQUIDS USED 





NO. OF NO. OF 
PERFLUOROCARBON LIQUID PATIENTS REATTACHMENTS 
Perfluorotributylamine 10 5 
Perfluorooctane 7 6 
Perfluorodecalin 6 4 


an intraoperative tool," the physical proper- 
ties of perfluorocarbon liquids are preferable. 

There are advantages of the perfluorocarbon 
liquids in the intraoperative management of 
proliferative vitreoretinopathy. The liquid per- 
fluorocarbon flattens the retina, exposing re- 
sidual membranes within the folds around the 
optic disk. Posterior flattening of the retina by 
perfluorocarbon liquid also displays tractional 
relationships on remaining areas of detached 
retina. Circumferential traction with radial 
folds can be differentiated from anteroposterior 
shortening of the retina. As these relationships 
are recognized, the progressive release of trac- 
tion by membrane dissection allows the retina 
to flatten more completely. During membrane 
dissection, the high specific gravity of the per- 
fluorocarbon liquids provides temporary me- 
chanical fixation by stabilizing the retina and 
providing countertraction during dissection of 
epiretinal membranes. The perfluorocarbon liq- 
uid assists in separating radial folds as mem- 
branes causing circumferential traction are cut. 
During removal of residual vitreous in the re- 
gion of the pars plana and ciliary body the 
retina is immobilized by the perfluorocarbon 
bubble and cannot be as easily aspirated into 
the cutting port of the vitrectomy instrument. 
Thus the potential for iatrogenic retinal tears 
during membrane dissection is reduced. 

If a circumferential relaxing retinotomy is 


TABLE 4 
POSTOPERATIVE VISUAL ACUITY IN PATIENTS WITH 
RETINAL REATTACHMENT 


VISUAL ACUITY NO. OF PATIENTS 
Hand motions 1 
3/200 1 
6/200 2 
20/400 4 
20/200 1 
20/100-20/40 4 
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necessary it should be done anterior to the 
perfluorocarbon bubble. The extent of the reti- 
notomy can be determined by observing the 
degree of retinal flattening as the retinotomy is 
performed. Retinal tacks, for permanent me- 
chanical fixation of the retina, can also be in- 
serted through the perfluorocarbon liquid. 

A posterior retinotomy for internal drainage 
of subretinal fluid was not required because the 
perfluorocarbon liquid displaced subretinal 
fluid anteriorly through existing retinal breaks. 
In one patient a subretinal membrane tightly 
encircled the retinal detachment and was ex- 
tracted through a posterior retinotomy (Fig. 2). 
The perfluorocarbon liquid was removed before 
making the retinotomy. By reducing the need 
for internal drainage of subretinal fluid via 
posterior retinotomy, potential complications 
such as bleeding and reproliferation occurring 
at the site of the retinotomy are reduced.” 

Intraoperatively the interface of the perfluo- 
rocarbon liquid was always visible. The refrac- 
tive index is slightly dissimilar to saline and it 
did not alter the refractive error of the eye 
allowing conventional contact lenses to be used 
throughout surgery. Membrane dissection usu- 
ally proceeds anterior to the perfluorocarbon 
interface under balanced saline for optimal visi- 
bility. 

The differences in physical characteristics be- 
tween these three perfluorocarbon liquids were 
not clinically significant. Perfluorodecalin had a 
slightly greater tendency to disperse during 
injection and the interface was not as easily 
seen because its refractive index is more similar 
to that of saline. Perfluorotributylamine and 
perfluorodecalin have higher viscosity than 
perfluorooctane but each could be aspirated 
easily. The mechanical effects desired for intra- 
operative retinal manipulation were achieved 
with each of the perfluorocarbon compounds. 
The lower long-term retinal reattachment rate 
when perfluorotributylamine was used may 
have been a result of early experience when the 
surgical technique was evolving. Initial patient 
selection was limited to eyes which we believed 
were hopeless because of inability to visualize 
epiretinal membranes. 

There were several reasons for changing 
from perfluorotributylamine to perfluorode- 
calin and perfluorooctane during this study. 
Theoretically, compounds consisting solely of 
fluorine and carbon atoms are more likely to be 
biologically inert. Perfluorotributylamine con- 
tains a nitrogen heteroatom. In artificial blood 
substitution application, the systemic retention 
times of perfluorooctane and perfluorodecalin 








Fig. 2 (Chang, Ozmert, and Zimmerman). Top, 
Intraoperative photograph of a subretinal membrane 
that encircled the retina. It could only be seen after 
perfluorocarbon liquids were used. Bottom, Postop- 
erative photograph with posterior retinotomy site 
above the optic disk. The visual acuity was 20/200. 


were found to be much lower than perfluoro- 
tributylamine.” Thus, any residual droplets of 
these two compounds would be likely to disap- 
pear more rapidly. 

The potential complications resulting from 
the use of perfluorocarbon liquids appear to be 
minimal. In some cases, as the liquid was in- 
jected dispersion occurred with small droplets 
of perfluorocarbon around the edge of the large 
bubble. Upon contact, small droplets tended to 
coalesce with the large bubble but remaining 
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Fig. 3 (Chang, Ozmert, and Zimmerman). Left, Preoperative photograph of a patient with recurrent retinal 
detachment and Stage D-3 proliferative vitreoretinopathy. Right, Postoperative photograph taken six months 
after surgery; visual acuity was 20/40—2. 


droplets could be easily aspirated with the 
20-gauge flute needle. Subretinal perfluorocar- 
bon could also be removed. As we gained 
experience with the use of these fluids, the 
likelihood that perfluorocarbon would be ex- 
pressed into the subretinal space was reduced. 

It was surprising to observe that a residual 
droplet of perfluorocarbon liquid remained in 
some eyes. Internal reflections during air-fluid 
exchange may have prevented visualization of 
these tiny droplets. These have not been ob- 
served to cause any deleterious effects with 
visual acuity in these patients who have re- 
mained stable for up to 15 months after sur- 
gery. The long-term effects of these small 
amounts of perfluorocarbon liquids are uncer- 
tain, and patients will be closely observed for 
potential adverse effects. 

The three perfluorocarbon compounds used 
for this clinical study have been studied for 
retinal toxicity in rabbit, pig, and monkey eyes 
following vitrectomy. After the liquids have 
been in the vitreous for three hours, no retinal 
toxicity has been observed with light and elec- 
tron microscopy (unpublished data). In previ- 
ous reports using perfluorotributylamine, the 
outer segments of rabbit eyes demonstrated 
irregularly shaped defects which reverted to 
normal after perfluorocarbon removal.” In rab- 
bit eyes bubble dispersion and preretinal glial 
membrane formation were observed at three 
months after replacement of two thirds of the 
vitreous by perfluorotributylamine. To date the 


human response to small residual amounts has 
not resulted in preretinal membrane formation. 
The introduction of a new device and tech- 
niques in vitreous surgery merits the consider- 
ation of risks versus benefits of the new ap- 
proach. In eyes with the most severe grades of 
proliferative vitreoretinopathy, the use of per- 
fluorocarbon liquids allowed more effective re- 
moval of epiretinal membranes and release of 
traction forces on the retina. The mechanical 
stabilization of the retina provided by these 
liquids reduced iatrogenic complications such 
as retinal tears. We believe that some of these 
retinas could not have been reattached without 
the use of perfluorocarbon liquids. Effective 
removal of membranes, release of tractional 
forces caused by proliferation, and reduction of 
intraoperative complications will result in im- 
proved long-term success in the management 
of retinal detachment with severe proliferative 
vitreoretinopathy (Fig. 3). The encouraging re- 
sults found in this study warrant the use of 
these materials during vitrectomy for less se- 
vere forms of proliferative vitreoretinopathy. 
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Inherited Retinal Venous Beading 








Michael W. Stewart, M.D., and Kurt A. Gitter, M.D. 


Four affected family members in two genera- 
tions demonstrated an unusual, probably au- 
tosomal dominant, retinal vascular disorder 
called inherited retinal venous beading. The 
proband had retinal neovascularization, exu- 
dation, and vitreous hemorrhage. The other 
three affected family members had significant 
venous beading and varying degrees of arteri- 
olar tortuosity. Family members with venous 
beading had low to normal leukocyte and neu- 
trophil counts, which differed significantly 
from unaffected family members. 


INHERITED RETINAL venous beading, first de- 
scribed by Meredith,’ is a retinal vascular disor- 
der characterized by marked beading of the 
retinal and, to a lesser degree, the conjunctival 
veins. Some patients have an associated reti- 
nopathy consisting of microaneurysms, hemor- 
rhages, exudates, neovascularization, and vit- 
reous hemorrhage. The inheritance pattern of 
this disorder has been described as consistent 
with an autosomal dominant transmission.! We 
studied a second pedigree affected by this un- 
usual disorder. 





Case Reports 





Case III-2 

The proband (Fig. 1) is a healthy 27-year-old 
white man who experienced sudden visual loss 
in his right eye secondary to a dense vitreous 
hemorrhage which spontaneously cleared over 
the next two weeks. He was referred to a retina 
specialist who noted retinal neovascularization 
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in the right eye and began panretinal photoco- 
agulation. 

We examined the patient two weeks later at 
which time his visual acuity was R.E.: 20/25 and 
L.E.: 20/20. External examination demonstrat- 
ed multiple, 1-mm, vascular dilations on his 
left upper eyelid. Slit-lamp examination 
showed beaded conjunctival veins; the cornea, 
iris, and lens were normal. Intraocular pressure 
by applanation tonometry was 15 mm Hg in 
both eyes. Ophthalmoscopic examination dis- 
closed hemorrhage in the inferior vitreous of 
the right eye. The retinal veins were markedly 
beaded in all quadrants and the arteries were 
mildly attenuated and tortuous. There was a 
2-disk diameter area of retinal neovasculariza- 
tion along the inferotemporal arcade with adja- 
cent intraretinal hemorrhage and exudate. 
Scattered laser scars were present in the infero- 
temporal quadrant (Fig. 2, left). The left eye 
showed similar venous beading and arterial 
tortuosity but no exudates, neovascularization, 
or vitreous hemorrhage (Fig. 2, right). 

Fluorescein angiography of the right eye 
showed a normal retinal transit time. There was 
a large area of capillary nonperfusion temporal 
to the macula of the right eye and late hyperflu- 
orescence inferotemporally, corresponding to 
the retinal neovascularization and surrounding 
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Fig. 1 .(Stewart and Gitter). Pedigree of family. 
The proband is indicated by an arrow. 
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Fig. 2 (Stewart and Gitter). Patient III-2. Left, Right eye. A red-free photograph of proband shows venous 


beading, intraretinal hemorrhages and exudates, neovascularization of the retina, and old photocoagulation 


scars. Right, The left eye shows only venous beading. 


retinal edema. The retinal arterioles were mild- 
ly attenuated and tortuous but otherwise nor- 
mal (Fig. 3). The beading of the retinal veins 
was equal in both eyes. 

The patient’s medical history was noncon- 
tributory and results of a general physical ex- 
amination were normal. A complete blood cell 
count showed a normal platelet count and 
hemoglobin level. The leukocyte count was 
4,800/mm? (normal, 4,000 to 10,000/mm’) and 
the neutrophil count was 1,400/mm? (normal, 
1,500 to 8,000/mm’). Results of urinalysis, cre- 
atinine clearance, and a routine series of chem- 


istry tests were normal. Results of biopsies of 
the conjunctiva and eyelid were normal by light 
and electron microscopy. 

Our treatment consisted of completing his 
panretinal photocoagulation; a total of 2,108 
burns were applied. The patient had several 
more vitreous hemorrhages, each of which 
cleared spontaneously. Although regression of 
the neovascularization was achieved after pan- 
retinal photocoagulation, subsequent macular 
edema with lipid deposition occurred (Fig. 4). 
Over the next six months the lipid deposits 
significantly regressed. Visual acuity has re- 





Fig. 3 (Stewart and Gitter). Patient III-2, right eye. 
The fluorescein angiogram shows venous beading, a 
large area of capillary nonperfusion temporal to the 
macula (arrows), and leakage from retinal neovascu- 
larization. 


Fig. 4 (Stewart and Gitter). Patient III-2, right eye. 
Six months later (after panretinal photocoagulation 
and regression of all neovascularization) hard exu- 
dates are visible in the macula. Visual acuity was 
20/30. 
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Fig. 5 (Stewart and Gitter). Patient II-1. Left, Right eye. Red-free photograph shows venous beading in the 
proband’s mother. Right, Left eye. Red-free photograph shows no signs of associated retinopathy. 


mained 20/30 in the right eye throughout the 
period of treatment and observation, except for 
the acute decreases caused by the recurrent 
vitreous hemorrhages. 


Case II-1 

The proband’s 55-year-old mother had no 
contributory medical history and asymptomat- 
ic retinal venous beading (Fig. 5). Her leuko- 
cyte count was 5,700/mm? and her neutrophil 
count was 2,000/mmè. 


Case III-1 

The proband’s asymptomatic 25-year-old 
brother had a visual acuity of 20/20 in both 
eyes. Ophthalmic examination showed retinal 
beading without any signs of retinopathy in 
both eyes. His mother stated that his unusual 
retinal blood vessels were first noted on oph- 
thalmic examination at age 9 years. Results of 
urinalysis and creatinine clearance were nor- 
mal. His leukocyte count was 5,000/mm? and 
neutrophil count was 1,800/mm’. 


Case III-4 

The proband’s asymptomatic 26-year-old sis- 
ter also had a visual acuity of 20/20 in both 
eyes. Her ophthalmic examination showed sig- 
nificant retinal venous beading and arteriolar 
tortuosity. Some of the inferior macular veins 
crossed the midline raphe (Figs. 6 and 7). Her 
leukocyte count was 5,800/mm‘ and her neutro- 
phil count was 2,200/mm’. 


Case IV-1 
The proband’s 2-year-old daughter was 
healthy and had normal ocular fundi. 


Other Family Members 

All other family members whom we exam- 
ined had normal retinal vasculature. There was 
no family member with either renal disease or 
deafness. There was a strong family history of 
cardiovascular disease; the proband’s grandfa- 
ther (I-1), an uncle (II-3), and an aunt (II-2) 
have had myocardial infarctions and another 
uncle (II-4) has had a cerebrovascular accident. 
The aunt also has adult-onset diabetes mellitus 
and a decreased creatinine clearance level (50 
ml/minute) but a normal serum creatinine level 
(1.1 mg/dl). 





Discussion 





Inherited retinal venous beading was first 
described by Meredith in 1987.! Five members 
in his pedigree had retinal venous beading, 
three of whom had retinal or disk neovascular- 
ization and vitreous hemorrhage. One had reti- 
nal microaneurysms, and the youngest, a 14- 
year-old, had no associated retinopathy. His 
patients received panretinal laser photocoagu- 
lation for retinal neovascularization and vitrec- 
tomy for persistent vitreous hemorrhage. All 
eyes recovered visual acuity to at least 20/30. In 
addition to retinal venous beading in this pedi- 
gree, two family members had hereditary ne- 
phritis, two were deaf, and two had low serum 
neutrophil counts. None of the family members 
demonstrated all of these findings. 

Meredith’s differential diagnosis included 
Alport’s syndrome and Fabry’s disease, both of 
which are hereditary disorders characterized 
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Fig. 6 (Stewart and Gitter). Patient III-4. Left, Right eye. A red-free photograph of the proband’s sister shows 
marked venous beading and arteriolar tortuosity. Right, Left eye. Despite the remarkable vascular changes there 


is no retinopathy. 


by renal failure and ocular findings.?° Patients 
with Alport’s syndrome have chronic heredi- 
tary nephritis and neurosensory deafness in 
addition to lenticonus and drusenlike spots in 
the macula. However, there are no reports of 
associated retinal vascular changes in this dis- 
ease.’ Although some patients with Fabry’s 
disease have conjunctival and retinal venous 
tortuosity and segmentation, none have retinal 
nonperfusion or neovascularization.’ Meredith 
concluded that the inherited retinal venous 
beading seen in his pedigree probably repre- 
sented a new disorder with possible systemic 
abnormalities. 

Our pedigree demonstrated no association 
between retinal venous beading and deafness 
or renal disease. Only one member, the pro- 
band’s aunt, had a decreased creatinine clear- 
ance level (with a normal serum creatinine 
level), which was probably caused by diabetes 
mellitus and severe cardiovascular disease. The 
absence of renal disease in our pedigree makes 
it unlikely that this disorder is a variant of 
either Alport’s syndrome or Fabry’s disease. 

There was a high incidence of cardiovascular 
disease in our pedigree. The proband’s grand- 
father died of heart disease and three of his 
mother’s siblings have had either myocardial 
infarctions or cerebrovascular accidents. The 
younger members of the second generation, as 
well as those in the third generation, have no 
signs of cardiovascular disease. Since the major 
ocular complication of patients with inherited 
venous beading is retinal ischemia and subse- 


quent neovascularization, it is tempting to pos- 
tulate that an analogous systemic vasculopathy 
accounts for the cardiovascular disease in our 
family. However, none of the patients with 
cardiovascular disease had retinal venous 
beading and, conversely, none of the patients 
with beading had any cardiovascular symp- 
toms. Given the independence of these disor- 
ders in our pedigree and that atherosclerotic 
cardiovascular disease is the leading cause of 
death in our society,’ it is probable that this is 
only a chance association. 





Fig. 7 (Stewart and Gitter). Patient III-4, Right eye. 
The fluorescein angiogram accentuates both the arte- 
riolar attenuation and tortuosity and venous beading 
abnormalities. 
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In our pedigree, those patients with venous 
beading had low serum neutrophil counts of 
1,400 to 2,200/mm* (normal, 1,500 to 8,000/ 
mm*), whereas family members without bead- 
ing had normal neutrophil counts (3,900 to 
6,500/mm*). Two of Meredith’s patients with 
venous beading also had low neutrophil 
counts. In both studies, proliferative retinopa- 
thy developed in eyes with beading and sub- 
normal or low-normal neutrophil counts. 
Therefore, low neutrophil counts in patients 
with venous beading may be predictive of or 
associated with the development of retinopa- 
thy. Our proband contracted viral meningitis 
and recovered without sequelae. None of the 
other patients has demonstrated an increased 
susceptibility to infections despite their neutro- 
penia. 

Both reported pedigrees demonstrate a pat- 
tern of inheritance consistent with autosomal 
dominant transmission. In our family one 
would also expect that the proband’s grandfa- 
ther had venous beading; unfortunately, no 
ophthalmic record was available. If the grand- 
father had beading we would expect to see 
several of his children with it as well. The 
probability of only one child of six in the sec- 
ond generation having beading is 9%. There- 
fore, it is reasonable to postulate that the 
proband’s mother represented a new mutation 
of this disorder. 

The cause of the venous beading in these 
patients is unknown. Diseases with autosomal 
dominant inheritance are usually characterized 
by defects in structural elements.’ An abnormal 
venous wall protein might produce an unusual 
morphologic pattern such as beading. Howev- 
er, results of light and electron microscopic 
analysis of biopsy specimens of conjunctival 
and eyelid tissue with abnormal veins were 
normal. Perhaps future studies including histo- 
pathologic study of retinal veins will determine 
the cause of the beading. 

It is also logical to assume that venous bead- 
ing may cause associated arteriolar nonperfu- 
sion such as is seen in venous occlusive dis- 
ease.” In vein occlusions, an increased 
pressure in the collecting veins distal to the 
occluded site produces a decrease in the 
arteriole-venule pressure gradient. This causes 
stasis within the capillary bed and subsequent 
ischemia and capillary closure that may lead to 
neovascularization."' We carefully evaluated 
the proband’s fluorescein angiogram for signs 
of arteriovenous crossing changes to account 
for possible obstructive effects on the retinal 


arterioles, but were unable to demonstrate any 
abnormalities. 

Many of the described patients had attenuat- 
ed arterioles; our proband’s sister has signifi- 
cant arteriolar tortuosity. If the functional de- 
fect resides in the arterioles, then venous 
beading may be nothing more than a marker of 
the disease. 

Careful examination of the fluorescein angio- 
grams shows that the proband’s severity of 
beading is no worse in the quadrants with 
capillary nonperfusion than in those with nor- 
mal circulation. Furthermore, the proband’s 
beading is intermediate in severity between his 
mother’s and sister’s, neither of whom has 
perfusion defects. It is, therefore, not possible 
from these cases to correlate the severity of 
venous beading with the presence and degree 
of retinopathy or nonperfusion. 

The differential diagnosis of this disorder 
includes several retinal and systemic vascular 
diseases, some of which are inherited disorders 
whereas others are seen sporadically. Familial 
congenital arterial tortuosity is an autosomal 
dominant disorder characterized by progres- 
sive retinal arterial tortuosity.'* Patients expe- 
rience recurrent retinal hemorrhages, which 
generally resolve without sequelae. There have 
been no descriptions of venous abnormalities 
or neovascularization. Only one of our patients 
(III-3) had significant arterial tortuosity, but no 
history of hemorrhages. 

Familial exudative vitreoretinopathy is an au- 
tosomal dominant disorder characterized by 
vitreous bands and traction, retinal exudates, 
capillary nonperfusion, retinal neovasculariza- 
tion, dragging of retinal vessels, and retinal 
detachment.” Venous beading is not seen in 
this disorder. 

Inflammatory vascular diseases such as 
Eales’ disease (periphlebitis retinae), an idio- 
pathic, retinal venous inflammatory disease of 
young males, must also be considered in the 
differential diagnosis.* These patients can de- 
velop nonperfusion, retinal neovasculariza- 
tion, and vitreous hemorrhage. Bilateral retinal 
arteritis with multiple aneurysmal dilations is a 
rare disorder characterized by arteritis, uveitis, 
and a remarkable pattern of retinal arteriolar 
saccular aneurysms without associated venular 
abnormalities." Neither of these entities, how- 
ever, is genetically transmitted. 

Some of the phakomatoses manifest retinal 
vascular abnormalities. Von Hippel’s disease 
(angiomatosis retinae), an autosomal dominant 
disorder, is characterized by one or more reti- 
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nal capillary angiomas. The feeder arterioles 
and efferent veins are dilated and, in some 
patients, the veins are beaded.” Exudation and 
epiretinal membrane formation are common 
but neovascularization is unusual. Wyburn- 
Mason syndrome (racemose hemangioma) is 
characterized by a unilateral arteriovenous 
malformation often with a similar midbrain 
lesion.” A subgroup of these patients will have 
visual loss because of severe exudation, capil- 
lary occlusion, and retinal pigment epithelial 
degeneration.”! This disorder, however, is not 
inherited. 

Several retinal vascular diseases exhibit tel- 
angiectatic vessels. A sausagelike pattern of 
venous beading is often seen in the preprolifer- 
ative stage of diabetic retinopathy where exu- 
dates, capillary nonperfusion, intraretinal 
hemorrhages, and intraretinal microvascular 
abnormalities are common associated findings. 
Neovascularization and vitreous hemorrhage 
characterize the progression of diabetic reti- 
nopathy to the proliferative disease.” The diag- 
nosis is made by demonstrating a high fasting 
blood glucose level or abnormal results on a 
glucose tolerance test. Venous occlusive dis- 
ease, often associated with hypertension, can 
lead to venous dilation, hemorrhages, exuda- 
tion, nonperfusion, and neovascularization.” 
Primary retinal telangiectasis, such as Leber’s 
miliary aneurysm and Coats’ disease, are usu- 
ally unilateral in young males, with varying 
degrees of intraretinal and subretinal exuda- 
tion. They do not produce neovascularization 
or vitreous hemorrhage.” 

We believe that inherited retinal venous 
beading is a separate and distinct, probably 
autosomal dominant, disorder. In addition to 
venous beading of the conjunctival and retinal 
veins, patients can develop microaneurysms, 
exudation, capillary nonperfusion, retinal neo- 
vascularization, and vitreous hemorrhage. The 
visual prognosis for affected eyes appears to be 
good. There do not appear to be any associated 
systemic vascular abnormalities but patients 
tend to have low neutrophil counts. 
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OPHTHALMIC MINIATURE 
The scarlet tapestries pressed upon my eyes, the pillows were built up so 
that I couldn’t move my head more than a few degrees. 

Blindness would be like this. Did one still have such hallucinations? Was 
it the absolute dark? Of all the private miseries, that was one I was not sure 
I could endure. None of us knew his limits. Once, when young Charles was 
conceived, I thought it might be beyond my limit if the genes had gone 
wrong, if he were born to a suffering one could do nothing about. 

I shouldn’t be able to read with my left eye. That was practical. If this 
could happen to one eye, it could happen to the other. Peripheral vision. 
Useful vision. A great deal of my life was lived through the eye. How could 
I get on without reading? Records, people reading to me. It would be gritty. 
How could I write? I should have to learn to dictate. It would be like 
learning a new language. Still. 

C. P. Snow, The Sleep of Reason 
New York, Charles Scribner’s Sons, 1964, p. 412 





The Effect of Repeat Argon Laser Trabeculoplasty 





Paul A. Jorizzo, M.D., John R. Samples, M.D., 
and E. Michael Van Buskirk, M.D. 


A select population of patients received re- 
peat laser trabeculoplasties of 40 to 100 burns 
over 180 to 360 degrees. These eyes had shown 
an excellent prolonged response to initial laser 
trabeculoplasty. Eight of 11 eyes with greater 
than one year follow-up showed a sustained 
hypotensive response to repeat laser trabecu- 
loplasty. No significant posttreatment intraoc- 
ular pressure increases were observed. Repeat 
argon laser trabeculoplasty was effective for 
these patients who had shown a prolonged 
response to their initial treatment. 


ARGON LASER TRABECULOPLASTY is an effec- 
tive method for decreasing intraocular pressure 
in eyes with selected glaucomas,'” but the ef- 
fect is transient in many patients. The pressure 
in only about half of all patients who respond 
initially is controlled five years after treatment.’ 
Early studies have suggested that repeat argon 
laser trabeculoplasty is significantly less effec- 
tive than initial treatment. We describe a more 
favorable experience using argon laser trabecu- 
loplasty in patients who exhibited a significant 
and prolonged hypotensive response to initial 
laser trabeculoplasty. 





Patients and Methods 





We evaluated retrospectively the course of 12 
eyes in ten patients after repeat argon laser 
trabeculoplasty. Eight eyes had primary open- 
angle glaucoma, two eyes had exfoliative glau- 
coma, one eye had low-tension glaucoma, and 
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one eye had glaucoma with angle recession. 
Each eye had an initial 360-degree laser trabec- 
uloplasty using a total of 80 to 100 burns in one 
360-degree (nine eyes) or two 180-degree (three 
eyes) sessions. When two sessions were per- 
formed, initial treatments were separated by 
two to four months. All 12 eyes showed a good 
and sustained response to initial argon laser 
trabeculoplasty. Pretreatment intraocular pres- 
sure averaged 28.4 mm Hg, with decreases 
ranging from 5 to 26 mm Hg. These eyes sus- 
tained an average decrease in intraocular pres- 
sure of 14 mm Hg for at least one year after the 
initial treatment. 

All eyes were retreated with argon laser tra- 
beculoplasty when intraocular pressures in- 
creased to values considered unsafe for the 
optic disk. All patients were receiving maxi- 
mum tolerable medical therapy. Retreatments 
were performed from 15 to 48 months after 
initial treatment, with an average interval of 
27.9 months. 

A retreatment was defined as any argon laser 
trabeculoplasty session performed after the 
360-degree initial treatment. All retreatment 
sessions were performed using the argon blue- 
green laser with a 50-um spot size, 700 to 900 
mW of power, and a 0.1-second duration. Forty 
to 50 burns were placed per 180-degree treated 
area. Prednisolone acetate 1% and pilocarpine 
4% eyedrops were administered to the treated 
eye immediately after each retreatment ses- 
sion. Intraocular pressures were measured 
using Goldmann applanation tonometry at two 
hours, one week, and six weeks after repeat 
laser trabeculoplasty and at the patients’ last 
clinic visit. A total of 19 retreatment sessions 
were performed using five 360-degree and 14 
180-degree treatment sessions. 





Results 


Seven eyes received a 180-degree retreatment 
session and five eyes received a 360-degree 
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retreatment session. Of the seven eyes receiv- 
ing a 180-degree retreatment session, six had a 
decrease in intraocular pressure of at least 6 
mm Hg six weeks after repeat laser trabeculo- 
plasty (range, 6 to 21 mm Hg; mean decrease, 
14 mm Hg) (Fig. 1). Four of five eyes have 
sustained this diminished intraocular pressure 
for at least 12 to 16 months; the fifth eye 
(Patient 6) has sustained it for a three-month 
follow-up period. All five eyes receiving 360- 
degree retreatment sessions had a decrease in 
intraocular pressure of at least 7 mm Hg six 
weeks after repeat laser trabeculoplasty (range, 
7 to 19 mm Hg; mean decrease, 12 mm Hg). 
Intraocular pressure remained well controlled 
in four of these five eyes for 142 to four years 
(mean, 40 months) (Fig. 2). 

In total, eight of 11 eyes responded well to a 
single repeat laser trabeculoplasty session (Fig. 
1). A 12th eye has had a moderate response at 
three months after treatment. Two of the three 
eyes that did not respond to repeat treatments 
had complicated glaucomas, one with angle 
recession glaucoma and the other with com- 
bined closed- and open-angle glaucoma. 

The two eyes that did not show prolonged 
intraocular pressure control after a 180-degree 
retreatment session had a second 180-degree 
retreatment session on the opposite 180 de- 
grees. These sessions were performed three 
and four months after the first retreatment 
session. Both eyes failed to respond to the 
second retreatment session and trabeculecto- 
mies were performed. 
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Fig. 1 (Jorizzo, Samples, 
and Van Buskirk). Histogram 
showing intraocular pressure 
values just before, six weeks 
after, and at final visit after 
repeat argon laser trabeculo- 
plasty in 12 patients. Final 
visit exceeded one year in all 
patients except Patient 6 (as- 
terisk). 
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All four eyes that responded well to a 360- 
degree retreatment session had a subsequent 
180-degree retreatment session performed 
when their intraocular pressures were again 
increased after 17 to 49 months. Three of these 
four eyes have retained a pressure reduction of 
7 to 12 mm Hg to date, nine to 13 months after 
their second retreatment sessions. The fourth 
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Fig. 2 (Jorizzo, Samples, and Van Buskirk). Histo- 
gram showing mean intraocular pressure before and 
after repeat argon laser trabeculoplasty in 12 pa- 
tients. Average interval from treatment to the final 


visit was 40 months. PreRep, before repeat treat- 
ment; p, postoperative. 
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eye failed to respond to the second retreatment 
session and a trabeculectomy was performed. 





Discussion 


In the present study, 73% of the eyes (91% of 
eyes with uncomplicated open-angle glauco- 
mas) experienced a significant and prolonged 
diminution in intraocular pressure following 
one repeat laser trabeculoplasty in a manner 
similar to their response to initial laser trabecu- 
loplasty. A smaller group of patients had a 
second repeat laser trabeculoplasty (total of 
three). The reasons for differences between our 
favorable results and the generally unfavorable 
results previously reported are not immediate- 
ly apparent.** However, each of the other se- 
ries included some individuals who responded 
favorably. Each of the reported series described 
small numbers of patients and may represent 
normal variations among different popula- 
tions. We confined retreatments exclusively to 
eyes on which initial trabeculoplasty demon- 
strated a positive and sustained response. We 
also confined burns to the anterior meshwork, 
or limited the power to less than 1,000 mW 
(usually 800 mW or less) during the initial 
treatment session. 

In contrast to other studies, we did not ob- 
serve significant immediate postoperative pres- 
sure increases after repeat trabeculoplasty. Im- 
mediately after each retreatment session, our 
patients received pilocarpine 4% to the treated 
eye, a practice previously shown to diminish 
the postoperative pressure rise.” 

Some regenerative capacity has been demon- 
strated in the trabecular meshwork after surgi- 
cal injury." Laser therapy likewise appears to 
involve regenerative activity by stimulating di- 
vision of trabecular cells and by altering the 
extracellular matrix.” Since laser treatment is 
an isolated incident juxtaposed upon the con- 
tinuum of progressive glaucoma, it should not 
be surprising that the aqueous humor outflow 
obstruction recurs with the passage of time, 
despite an initially favorable response. By the 
same token, considering the dynamic biologic 
activity of the trabecular meshwork, renewal of 
the response to laser should be possible, as we 
have observed, as long as the initial treatment 
did not irreversibly destroy the trabecular 
meshwork and sufficient time has passed to 
permit maximal trabecular regenerative activi- 


ty. Perhaps the capacity of the trabecular mesh- 
work to respond to repeat laser trabeculoplasty 
depends upon the degree of tissue destruction 
during the initial treatment. We do not entirely 
understand the mechanism of laser interaction 
with trabecular meshwork. The optimal power 
for the initial treatment is not known, but we 
rarely exceed 800 mW in an effort to avoid 
irreversible destruction to trabecular tissue. 

Our initial data with repeat laser trabeculo- 
plasty demonstrate a favorable response in 
most patients and is consistent with the con- 
cept of a dynamic biologic interaction with a 
metabolically active tissue. Repeat laser trabec- 
uloplasty can be effective in patients with glau- 
coma who have shown an unequivocally hypo- 
tensive response to initial laser trabeculoplasty 
that persisted for at least one year. 
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OPHTHALMIC MINIATURE 


Leathered, gauntleted, and armed; 
when the light falls his halo 
begins to pulse, and his eyes 
behind blank goggles see no 


evil they can’t master, no 

hidden feature they can’t place. 
The white sword of his raised arm 
drops like justice, and we go. 


Philip Levine, “Winter Rains: Cataluna,” Part I 





Isolating the Color Vision Loss in Primary Open-Angle 


Glaucoma 








Pamela A. Sample, Ph.D., Robert M. Boynton, Ph.D., 
and Robert N. Weinreb, M.D. 


We evaluated the results of Farnsworth- 
Munsell 100-Hue tests in age- and lens 
density-matched eyes of normal subjects, 
glaucoma suspects, and patients with primary 
open-angle glaucoma. With these controls in 
place, no significant correlation between the 
test results and age or between the test results 
and lens density was found. However, a sig- 
nificant difference in the total error scores on 
the 100-Hue test remained. This difference 
could not be explained by pupil size or medi- 
cations taken. We concluded that color vision 
loss in glaucoma is in part attributable to the 
disease process and cannot be explained solely 
on the basis of changes in age and lens 
density. 


SUGGESTED CORRELATION between color vi- 
sion deficits and increased intraocular pressure 
in both glaucoma and ocular hypertension has 
raised the possibility that detection of color 
vision deficits might help to identify ocular 
hypertensive eyes that are likely to develop 
glaucoma and consequently might benefit from 
appropriate therapy to lower intraocular pres- 
sure. Further, color vision findings might pro- 
vide an indication as to the effectiveness of 
treatment in glaucoma, providing evidence of 
glaucomatous change when optic disk and vis- 
ual field changes may not yet be apparent. 

A tritan deficit is the most common form of 
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color vision anomaly found in eyes with ocular 
hypertension or glaucoma.’ This deficit is also 
the one most frequently seen with age-related 
changes such as increased absorption by the 
ocular media.’ Although primary open-angle 
glaucoma is rarely diagnosed before the age of 
40 years, age-related changes in color vision, 
independent of the disease process, have re- 
ceived little attention. 

We administered the Farnsworth-Munsell 
100-Hue test under recommended lighting 
(easel lamp) to normal subjects, glaucoma sus- 
pects, and glaucoma patients who were 
matched for age and lens density index values. 
We also accounted for pupil size, visual acuity, 
and medication. 





Material and Methods 





The Farnsworth-Munsell 100-Hue test con- 
sists of 85 color chips of equal lightness and 
saturation. The chips are arranged on four 
trays that progress from red through orange to 
yellow, from yellow through green to blue- 
green, from blue to purple, and from purple 
back to red. Each subject was given one tray at 
a time with instructions to arrange the chips so 
that the gradation in hue was continuous from 
one side of the tray to the other. A perfect score 
would plot around the innermost circle of the 
score sheet (Fig. 1). Color chips are numbered 
consecutively on their underside. For each 
chip, an error score was obtained by adding the 
numerical difference of each chip from its two 
adjacent neighbors minus a perfect score of 
two. The sum of such scores for all chips pro- 
vides the total error score. Figure 1 also shows 
typical error patterns for the three types of 
dichromats. Glaucoma patients typically exhib- 
it patterns similar to, although less severe than, 
those seen for tritanopes (Fig. 2). 

To obtain an index of lens density for each 
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Fig. 1 (Sample, Boynton, and Weinreb). 
Farnsworth-Munsell 100-Hue test results for the 
three types of dichromats plotted on the standard 
score sheet. 


subject, we used a procedure and apparatus 
that have been described previously.*’ Briefly, 
scotopic thresholds were obtained for 410-nm 
and 560-nm lights presented at 15 degrees ec- 
centricity (to avoid macular pigment and to 
enhance rod participation). Rhodopsin is 
equally sensitive to these two wavelengths, 
which were equated for radiance. Only if differ- 
ential absorption occurs in the eye media distal 
to the rod outer segments, where the rhodop- 
sin molecules are located, will scotopic thresh- 
olds differ for this wavelength pair. Relative to 
the young normal eye, age-related changes in 
the absorption characteristics of the lens would 
be expected to reduce sensitivity to the 410-nm 
stimulus more than to the 560-nm stimulus. 
The difference in logy threshold between the 
two was used as an index of lens density. This 
index most likely reflects changes in the crys- 
talline lens and not in other structures within 
the optic media or pupil size differences.’ Pupil 
size was measured in the dark using an infra- 
red video camera system.’ 

Ten normal control subjects, nine glaucoma 
suspects, and eight patients with primary 
open-angle glaucoma were studied. Patients 
were selected based on age (50 to 69 years) and 
lens density (0.40 to 0.89) (Fig. 3). The mean + 
S.D. ages were 59.10 + 6.59 years (range, 51 to 
69 years) for the normal subjects, 64.56 + 5.03 
years (range, 53 to 69 years) for the glaucoma 
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suspects, and 63.0 + 5.48 years (range, 54 to 69 
years) for the glaucoma patients. The mean + 
S.D. lens density index was 0.63 + 0.15 logio 
threshold units (range, 0.42 to 0.87) for the 
normal group, 0.54 + 0.08 (range, 0.42 to 0.62) 
for the glaucoma suspects, and 0.67 + 0.09 
(range, 0.52 to 0.82) for the glaucoma patients. 
One eye was selected randomly from each 
subject. All eyes had a complete ophthalmolog- 
ic examination including best-corrected visual 
acuity, slit-lamp biomicroscopy, gonioscopy, 
applanation tonometry, ophthalmoscopy, and 
standard visual field tests. Visual acuities were 
20/30 or better. Pupil sizes were in a normal 
range of 3.0 to 5.0 mm in the light and 5.0 to 7.5 
mm in the dark. All subjects were refracted at 
near for the Farnsworth-Munsell 100-Hue test. 
Only subjects having intraocular pressures less 
than 21 mm Hg, normal optic disks, normal 
visual fields, and no family history of glaucoma 
were included in the normal group. Glaucoma 
suspects all had intraocular pressures exceed- 
ing 24 mm Hg on at least two separate occa- 
sions. All glaucoma suspects had normal visual 
fields and normal-appearing optic disks. Glau- 
comatous eyes exhibited optic disk abnormali- 
ties, characteristic visual field loss, and intraoc- 
ular pressure exceeding 21 mm Hg on at least 
two separate occasions. Learning effects with 
the Farnsworth-Munsell 100-Hue test were 
probably not a factor as only one subject had 
taken the test once, two years before. Informed 
consent was obtained after the nature of the 
procedures had been fully explained. 





Results 





The selection of subjects to control for age 
and lens density left no significant correlation 
between age and the Farnsworth-Munsell 100- 
Hue total error scores (—0.13) or between lens 
density and total error scores (+0.45). The 
effect of lens density on an individual's 
Farnsworth-Munsell 100-Hue score is demon- 
strated in Figure 4. The two 100-Hue score 
sheets depicted were obtained from the same 
76-year-old glaucoma patient. The top figure 
depicts her results, a total error score of 240, 
with a severe cataract present. Her lens density 
index was 2.02. The lower figure shows the 
results from the same individual a few months 
after uncomplicated extracapsular cataract sur- 
gery with posterior chamber lens implantation. 
Her total error score after cataract surgery was 
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64, with a lens density index of 0.42. The 
remaining lens density index was the result of 
the implant. This implant provided filtering of 
short-wavelength light and was designed to 
mimic the spectral transmission characteristics 
of the young normal lens. 

A single-factor (total error score on the 100- 
Hue test) analysis of variance with unweighted 
means was used to analyze the results (Fig. 5). 
Some scores in both patient groups fell within 
the range of normal, but there was a significant 
increase in error scores greater than 100 
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Fig. 2 (Sample, Boynton, 
and Weinreb). Plotted 
Farnsworth-Munsell 100-Hue 
test results for three glauco- 
ma patients. 


(Table). This analysis showed an overall signifi- 
cant difference between the three groups (P < 
.025), as well as a significant difference between 
the normal and suspect populations (P < .05) 
and between the normal and glaucoma patient 
populations (P < .01). 

This difference was evaluated by using the 
square root of the total error scores. This trans- 
formation yields a normal distribution of error 
scores.'’!! When this was done only the differ- 
ence between the normal and glaucoma groups 
remained significant (P < .025). 
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Discussion 





Results of most previous studies of color 
vision in glaucoma patients were obtained 
using the Farnsworth-Munsell 100-Hue test, 
the Farnsworth D-15 test, and either the Nagel 
or Pickford-Nicholson —_ anomaloscopes.'4 
Drance and colleagues’ used the 100-Hue test 
to assess color vision in eyes of glaucoma sus- 
pects. Five years later they assessed visual field 
loss in those same eyes. Only eight of the 42 
eyes with low Farnsworth-Munsell 100-Hue 
error scores showed visual field defects, where- 
as ten of 13 with high scores showed defects. 
Color vision was not retested at the time of the 
visual field tests to see if there had been an 
increase in the error scores. Moreover, changes 
in lens density that may have occurred during 
the five-year period were not assessed. Al- 
though the study by Drance and colleagues 
was not well controlled for factors such as age, 
pupil size, and visual acuity, it nevertheless 
provides the best available data regarding the 
predictive ability of color vision scores. 

In another study, Flammer and Drance? com- 
pared results on the 100-Hue test with visual 
field loss in 25 glaucoma suspects and ten 
glaucoma patients with questionable field loss. 
They found that the 100-Hue error score corre- 
lated significantly with the overall mean of the 
differential retinal sensitivity as measured by 
automated perimetry. They concluded that 
when visual field loss is apparent, the presence 
of foveal dyschromatopsia can also be docu- 
mented. They did not control for age, lens 
density, or reduction in pupil size. 


Oo normal 


Xx suspect 
4 glaucoma 





Fig. 3 (Sample, Boynton, and 
Weinreb). The lens density index as 
a function of age for the 27 eyes in 
this study. 


Hamill and colleagues? used the 100-Hue test 
to compare color vision in ocular hypertensive 
eyes that had abnormal optic disk cupping to 
those that had normal cupping. Their patients 
all had normal visual fields. They found the 
same overall incidence of blue-green and blue 
color vision anomalies as had previous studies, 
but they found no statistical differences in the 
results for their two groups. None of these 
studies adequately controlled factors other 
than the disease process that may be influenc- 
ing 100-Hue test results. 

We attempted to control for a number of 
variables affecting performance on the 
Farnsworth-Munsell 100-Hue test, including 
age, lens density, pupil size, refraction, best- 
corrected visual acuity, and medication. We 
found significant differences in 100-Hue total 
error scores among the subject groups that 
cannot be attributed to age or lens density, 
since these were controlled. The differences 
could also not be attributed to pupil size; none 
of the patients were administering miotic drugs 
and all had pupil sizes of 3 mm or more which 
dilated further in the dark. Differences caused 
by possible effects of medications on color vi- 
sion also cannot explain the results, since the 
eyes in glaucoma suspects were not being treat- 
ed with medications. Refraction and best- 
corrected visual acuity were also controlled. 
Thus, it appears likely that the difference 
among the groups is primarily the result of the 
effects of increased intraocular pressure and 
glaucoma. 

Previous reports have suggested that color 
vision mediated by the short-wavelength- 
sensitive cone system appears particularly sus- 
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Fig. 4 (Sample, Boynton, and Weinreb). Two 
Farnsworth-Munsell 100-Hue score sheets from the 
same individual. Top, Results obtained with a cata- 
ract and lens density of 2.02. Bottom, Results ob- 
tained after cataract extraction and posterior cham- 
ber lens implantation. 


ceptible to high intraocular pressure.'® Control 
of variables that may also reduce sensitivity to 
short-wavelength stimuli reduces this effect in 
suspect eyes to borderline significance, al- 
though eyes with primary open-angle glauco- 
ma remain significantly different from their 
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Fig. 5 (Sample, Boynton, and Weinreb). 
Farnsworth-Munsell 100-Hue test results for subjects 
in each of the three groups: normals, glaucoma 
suspects, and patients with primary open-angle 
glaucoma. 


disease-free counterparts. Eliminating addi- 
tional factors that produce increased error 
scores may reduce the number of glaucoma 
suspect eyes considered at risk, leaving only 
those with truly disease-related color vision 
deficits. The value of the Farnsworth-Munsell 
100-Hue test as a predictor for the subsequent 
development of glaucoma remains to be deter- 
mined. To help answer this question, we plan 
long-term follow-up of our patients. 


TABLE 
TOTAL MEAN + S.D. ERROR SCORES FOR NORMAL, 
SUSPECT, AND GLAUCOMA SUBJECTS MATCHED FOR 
AGE AND LENS DENSITY INDEX 


AGE LENS DENSITY TOTAL MEAN + S.D. 
GROUP (yrs) INDEX ERROR SCORE 
Normals 59.10 0.63 57.70 + 26.21 
Glaucoma 64.67 0.54 107.44 + 61.08 
suspects 
Glaucomas 63.00 0.67 121.88 + 49.50 
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Given that foveal color vision changes often 
predate losses in peripheral visual field sensi- 
tivity for the achromatic targets used in stan- 
dard perimetry, peripheral color vision chang- 
es may occur at an even earlier stage of the 
disease process. 

Our results indicate that patients with pri- 
mary open-angle glaucoma produce signifi- 
cantly more errors on the Farnsworth-Munsell 
100-Hue test than do controls matched for age 
and lens density. At the very least, therefore, 
assessment of color vision changes in these 
eyes is useful for improving our understanding 
of glaucoma and the effects of increased intra- 
ocular pressure on visual function. At best, it 
may be possible to develop noninvasive predic- 
tive tests that will allow the early implementa- 
tion of effective therapies before optic disk 
changes and visual field loss occur. 
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Topographic Analysis and Visual Acuity After Radial 


Keratotomy 





Peter J. McDonnell, M.D., Jenny Garbus, B.A., and Pedro F. Lopez, M.D. 


Using a computerized corneal topographic 
mapping system that allows detailed examina- 
tion of the corneal curvature in the vicinity of 
the visual axis, we identified separate regions 
of differing corneal curvature in three of 11 
eyes after radial keratotomy. In these eyes, the 
excellent uncorrected visual acuity appeared 
to be inconsistent with the postoperative 
spherical equivalent as determined by refrac- 
tion and corneal curvature by standard kera- 
tometer measurements. The distinct regions of 
corneal curvature appeared to serve as alterna- 
tive effective optical zones, thus allowing the 
patients to have excellent visual acuity. In 
essence, the cornea became a multifocal lens. 
Although degradation in the contrast of the 
image as well as monocular diplopia are possi- 
ble, our patients had no significant com- 
plaints. 


QUANTITATIVE ANALYSES of the results of ra- 
dial keratotomy have documented the lack of 
direct correlation between the changes in visual 
acuity, cycloplegic refraction, and keratometric 
measurement. After radial keratotomy, some 
individuals may have uncorrected visual acui- 
ties that appear to be better than would be 
predicted based on the change in spherical 
equivalent, as determined by cycloplegic re- 
fraction, and the change in corneal curvature, 
as determined by keratometry.' Herein we de- 
scribe some of the topographic features of cor- 
neas that have undergone radial keratotomy 
that may help explain the apparent lack of 
correlation between the parameters of visual 
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acuity, spherical equivalent, and keratometric 
change after surgery. 


Patients and Methods 





We examined 11 eyes of six patients after 
radial keratotomy using the Corneal Modeling 
System (Computerized Anatomy, Inc., New 
York, New York).* This computerized corneal 
topographic analysis system uses a large num- 
ber of illuminated rings that are reflected by the 
cornea to span most of the surface of the cornea 
from the corneal apex to the corneoscleral lim- 
bus. The rings are then projected using a digital 
video system; ring images are digitized and 
curves fit to describe the shape of the entire 
corneal surface. This information is then trans- 
lated into a color-coded topographic map to aid 
in the visualization of regional changes in cor- 
neal curvature. A cursor may then be moved 
over this map to determine the approximate 
corneal power at any point. Based on examina- 
tion of calibrated steel balls, this device has 
been shown to be as accurate and reproducible 
as the keratometer.® 

The refractive error, keratometric values, and 
visual acuities were stable in each patient, and 
no patient was receiving any ocular medica- 
tions. Noncycloplegic manifest refractions, ret- 
inoscopy, and distance and near visual acuities 
were recorded. All refractions were performed 
in the same room using the modified Bailey- 
Lovie charts used in the Early Treatment of 
Diabetic Retinopathy Study.‘ To inhibit accom- 
modation, patients were fogged (by using ex- 
cessive plus sphere) until the endpoint of the 
refraction was reached. 





Results 


All 11 eyes examined had fairly round zones 
of corneal flattening, which were roughly cen- 
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tered around the corneal apex. These optical 
zones averaged 6.2 mm in diameter (range, 
about 4.8 to 7.1 mm). In those eyes in which 
good visual acuity correlated with almost com- 
plete reduction of refractive error, as demon- 
strated by change in spherical equivalent and 
keratometric readings, a fairly uniform round 
zone of flattening was identified (eight eyes). 
We termed this a single effective optical zone. 
In those eyes in which marked improvement in 
visual acuity was obtained, despite the refrac- 
tion and keratometry indicating substantial re- 
sidual refractive errors (three eyes), we identi- 
fied zones of relatively greater flattening within 
the larger circular area of flattening. These 
small, effective optical zones appeared to rep- 
resent areas of the cornea that the patient used 
to obtain a clear retinal image of distant objects. 

An illustrative case is that of a 54-year-old 
myopic man who had worn soft contact lenses 
for 14 years. For the last two years he had had 
signs and symptoms of giant papillary conjunc- 
tivitis that had not improved with changing 
lenses and solutions. The patient's uncorrected 
visual acuity in the right eye was 7/200, correct- 
able to 20/15 with —6.75 —0.75 x 88. Near 
vision with correction was Jaeger 1. Uncorrect- 
ed visual acuity in the left eye was 9/200, 
correctable to 20/15 with —6.00 —0.75 x 120. 


Near vision with correction was Jaeger 1. 
Keratometry in the right eye was 45.00/45.62 
diopters at 70 degrees, for an average kera- 
tometry reading of 45.31 diopters. Keratom- 
etry in the left eye was 45.37/45.62 diopters 
at 76 degrees, for an average keratometry 
reading of 44.50 diopters. Central corneal 
thickness was R.E.: 0.54 mm and L.E.: 0.51 
mm. Ophthalmoscopy showed tilted disks, 
compatible with the patient’s myopia. Corneal 
topographic imaging of the left cornea demon- 
strated progressive flattening from the center 
to the periphery and a central curvature of 
about 46.3 diopters (Fig. 1). 

The patient underwent an eight-incision ra- 
dial keratotomy using a 3.5-mm optical zone in 
the severely myopic left eye. His uncorrected 
visual acuity stabilized at 20/25 three months 
after surgery, and best-corrected visual acuity 
was —2.25 —0.50 x 90 = 20/15. Uncorrected 
near vision was Jaeger 1. 

The uncorrected visual acuity of 20/25 in the 
left eye, combined with an unaided near vision 
of Jaeger 1, was surprising given the spherical 
equivalent of —2.50. However, repeat compu- 
terized topographic analysis of the cornea (Fig. 
2) demonstrated an apparent optical zone just 
inferior to the corneal apex. In this area, which 
measured 2.1 mm vertically by about 3.8 mm 
horizontally, the average corneal power was 





Fig. 1 (McDonnell, Garbus, and Lopez). Left, Color-coded topographic map of left cornea before radial 
keratotomy. Central corneal power is about 46.3 diopters. Right, Diopter power shown in color-coded scale. 
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Fig. 2 (McDonnell, Garbus, and Lopez). Left, Color-coded topographic map of left cornea. Cursor within 
small optical zone with average corneal power of about 39.6 diopters. This optical zone measures 2.1 x 3.8 mm. 
Right, Larger, roughly spherical optical zone (diameter about 6.0 mm) encompasses smaller zone. Cursor is 
within this zone and corneal power is 41.5 diopters. Color-coded scale same as in Figure 1. 


about 39.6 diopters (Fig. 2, left), representing a 
decrease of about 6.7 diopters in an eye witha 
preoperative central curvature of about 46.3 
diopters. This was in close agreement with the 
preoperative spherical equivalent of —6.37 di- 
opters, indicating that the patient was effec- 
tively plano through this inferior optical zone. 
This smaller optical zone was encompassed 
within a larger, roughly spherical, optical zone 
with a diameter of about 6 mm (Fig. 2, right). 
This larger optical zone was steeper, with an 
average corneal power in the center and sur- 
rounding the center of the visual axis of about 
41.5 diopters. This corresponded to a decrease 
in corneal curvature of about 4.8 diopters from 
the preoperative value, and would appear to 
explain a spherical equivalent of —2.50 as mea- 
sured postoperatively. When retinoscopy was 
performed after this topographic analysis, 
there were two possible endpoints for retinos- 
copy, one of about —2.50 just above the corneal 
apex and a separate zone with an endpoint of 
approximately plano just inferior to the corneal 
apex. 

The presence of two different optical zones in 
the left eye raised the possibility that this pa- 
tient might experience monocular diplopia. 
This patient did not spontaneously complain of 
this problem, but when tested he did report a 
faint ghost image for letters both at distance 
and near with the left eye. No such ghost 
images were detected with the unoperated on 
right eye. 





Discussion 





Patients with a residual myopic refractive 
error after radial keratotomy may have better 
visual acuity than do individuals with a similar 
refractive error who have not had surgery. 
Santos and associates' and Waring and associ- 
ates® attributed the greater change in spherical 
equivalent compared to the change in 
keratometry to induction of greater asphericity 
in the cornea. These authors suggested that 
patients who have undergone radial keratoto- 
my may have better visual acuity than expected 
based on their refractive error because of the 
increased spherical aberration of the paracen- 
tral cornea, which produces a larger blur circle 
on the retina.! 

Our explanation of the surprisingly good 
visual acuity obtained in some patients after 
radial keratotomy is based on results obtained 
from a device that allows quantitative evalua- 
tion of the corneal curvature of not only the 
midperipheral but also the paracentral cornea. 
The Corneal Modeling System has a large num- 
ber of rings that traverse almost the entire 
cornea, allowing a much greater percentage of 
the corneal area to be examined topographical- 
ly.” As illustrated in one eye of a patient who 
underwent radial keratotomy for a preopera- 
tive spherical equivalent of —6.37 diopters, an 
effective optical zone was identifiable just infe- 
rior to the corneal apex in which there had been 
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a 6.7-diopter change in central corneal power 
postoperatively. The spherical equivalent of 
—2.50 could also be explained by the presence 
of an effective optical zone involving the center 
and the area superior to the corneal apex, in 
which the average keratotomy reading had 
changed about 4.8 diopters. 

Although the patient described herein did 
not volunteer that the quality of vision in his 
left eye was less than that in his right eye, he 
did report, when questioned in the examining 
room, that he had a faint ghost image for letters 
at both distance and near with his left eye 
(bifocal cornea) and that this ghost image was 
definitely not present when those letters were 
examined with the right eye. In essence, this 
result of surgery set the stage for degradation 
in the contrast of the image as well as the 
development of monocular diplopia. Binder® 
reported complaints of monocular double vi- 
sion, ghost images, or degradation of the visual 
image as complications of refractive surgery. 
He hypothesized that these occurred when ra- 
dial keratotomy incisions were extended into 
the area of the cornea overlying the pupil. He 
also noted that these problems were a result of 
decentration of the corneal apex in keratomi- 
leusis or decentration of the lenticule in 
keratophakia. We believe that the ghost image 
observed by our patient probably represented 
the blurred image produced by the separate 
effective optical zones of his bifocal cornea. 
Although the ghost image was a fairly subtle 
finding that did not disturb our patient, the 
development of a multifocal cornea may cause 
more serious problems in other patients. 

We interpret the topographic changes noted 
in some patients to be analogous to some con- 
centric bifocal contact lenses, an analogy first 
suggested by Santos and associates.! With bifo- 
cal contact lenses, some visual compromise is 
inevitable because of image degradation from 
the other optical zone with decrease in contrast 
of the image. Most patients are able to detect 
monocular diplopia, probably because of a pris- 
matic effect at the junction of the two optical 


zones.‘ These findings are similar to those re- 
ported by our three patients with multifocal 
corneas. 

With the development of tools for examining 
corneal topography in greater detail, further 
understanding will be gained of the topograph- 
ic alterations induced in the corneas as a result 
of refractive surgery. It may then be possible to 
intervene surgically in patients with undesired 
effective optical zone changes, such as a multi- 
focal cornea, in order to produce a single, 
relatively large optical zone with correspond- 
ing improvement in the quality of the retinal 
image. 
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Variability and Reproducibility of Optic Disk Topographic 
Measurements With the Rodenstock Optic Nerve Head 
Analyzer 





Kim I. Bishop, M.S., Elliot B. Werner, M.D., Theodore Krupin, M.D., 
David M. Kozart, M.D., Sylvia R. Beck, M.D., Frank A. Nunan, B.S., 
and Martin B. Wax, M.D. 


Variability of optic disk topographic meas- 
urements obtained with the Rodenstock Optic 
Nerve Head Analyzer was determined by ob- 
taining three separate images on one eye of ten 
normal subjects and nine subjects without 
glaucoma. Marking of the disk margin was 
performed in a random and masked fashion on 
each image three times by three independent 
observers. The overall variabilities of the 
measurements of the subjects with glaucoma 
were not statistically different from those of 
the normal subjects. Overall variability was 
about 0.2 mm’ for total disk area, 0.08 for 
cup/disk ratio, 0.2 mm? for disk rim area, and 
0.07 mm!’ for cup volume. The largest compo- 
nent of the variability was the result of acqui- 
sition of separate images of the optic disk at 
different times. Observer inconsistency in 
marking the disk edge was relatively small. 
Based on the expected amount of random vari- 
ability of the measurements, we proposed cri- 
teria for detecting significant change in the 
optic disk over time. 


THE DETECTION of early optic nerve damage 
and progressive optic nerve damage is impor- 
tant in the treatment of patients with glauco- 
ma. Traditional methods of optic nerve head 
evaluation have relied on the ability of the 
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examiner to detect changes in the appearance 
of the optic nerve head by direct and photo- 
graphic observations of the optic disk. These 
methods are qualitative, and clinical evalua- 
tions of the optic nerve head are inconsistent 
even among experienced ophthalmologists.! 
Techniques have been developed to reduce the 
variability between different observers in quan- 
titating the cup/disk ratio.** These techniques, 
however, have not yet been widely used. 

Recent technical developments in imaging 
and image analysis have made possible the 
development of instruments that perform 
quantitative measurements of optic disk topog- 
raphy in a clinical setting.* One of these new 
instruments is the Optic Nerve Head Analyzer 
(G. Rodenstock Instrument Corp., Munich, 
West Germany). This device analyzes video- 
graphic images of the optic disk. Acquisition of 
the images requires the operator to focus and 
align the images on the video monitor and the 
analysis requires an observer to mark interac- 
tively the edge of the disk. No other human 
input is required. 

In order to use the Optic Nerve Head Analyz- 
er to make judgments regarding progressive 
glaucomatous change in the optic nerve over 
time, it is necessary to know the variability 
inherent in the technique. Intraobserver, inter- 
image, and interobserver effects are three pos- 
sible sources of variability. Intraobserver varia- 
bility results from a single observer marking 
the same image multiple times. Interimage var- 
iability results from the acquisition of multiple 
images of the same eye at different times. 
Interobserver variability results from different 
observers marking the disk margin on the same 
image. 

We performed this study to assess the magni- 
tude of these sources of variability on Optic 
Nerve Head Analyzer optic disk measurements 
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of normal subjects and subjects with glaucoma. 
The overall variability for each of the topo- 
graphic measurements of the normal subjects 
and the subjects with glaucoma was compared, 
and the data were used to determine the upper 
limit of variability for each of the topographic 
measurements that could be attributed to ran- 
dom variability. Based on the expected amount 
of random variability of the measurements, we 
proposed criteria for detecting significant 
change in the optic disk over time. 


Material and Methods 


Our sample consisted of ten normal, phakic 
subjects and nine phakic subjects with chronic 
open-angle glaucoma. All subjects had a visual 
acuity of 20/40 or better and less than 2 diopters 
of astigmatism in the eye chosen for study. The 
normal subjects had no detectable visual or 
ocular abnormalities, an intraocular pressure of 
18 mm Hg or less, and normal visual fields. 
Subjects with glaucoma had no additional sig- 
nificant ocular or systemic abnormalities, an 
intraocular pressure of less than 21 mm Hg 
with glaucoma therapy, and definitive nerve 
fiber bundle visual field defects with character- 
istic optic disk cupping. 

Instrumentation—The Optic Nerve Head Ana- 
lyzer records simultaneous stereoscopic video- 
graphic images of the optic disk and calculates 
the cup/disk ratio, disk rim area, cup volume, 
disk elevation, and total disk area. Details of 
the operation of the Optic Nerve Head Analyz- 
er have been published previously.*’ Briefly, a 
set of stripes is projected onto the fundus and 
stereoscopic videographic images are made. 
The apparent displacement of the stripes as 
they cross the optic disk allows the computer to 
create a contour map of the surface of the disk 
by calculating the depth of each of 1,600 sepa- 
rate points on the optic disk. 

The margin of the optic disk must be interac- 
tively defined in order for the computer to 
calculate the topographic measurements. 
Using a light pen, the observer marks the disk 
margin on an image of the optic disk that 
appears on the video monitor. The disk margin 
is marked in four cardinal locations, and the 
computer fits an ellipse to these four points and 
defines the ellipse as the disk margin. 

The disk margin as defined by the observer 
and the depth determinations as determined by 
the analysis of the stereoscopic images are used 


to determine the margin of the cup. The com- 
puter analyzes the contour of the optic nerve 
surface along each 1-degree meridian of the 
disk margin. A curve connecting all points 150 
um below the disk margin is constructed. This 
curve is defined as the margin of the cup. The 
area within the 150-ym limit is the cup, and the 
area between this limit and the disk margin is 
the disk rim area. Computer-generated mea- 
surements include the total area of the disk, 
cup/disk ratio, disk rim area, and cup volume. 

Marking of the disk margin is the only 
human input required by the software that 
performs the topographic calculations, and is 
the only source of variability caused by the 
observer. Other sources of variability result 
from acquisition of the image. As discussed by 
Cornsweet and associates,’ these include the 
positioning of the patient’s head, the focusing 
of the image by the operator, and the vertical 
and horizontal aligning of the left and right 
images of each stereoscopic pair of the optic 
disk. 

Study design—Three disk images of one eye 
were recorded for all subjects on the Optic 
Nerve Head Analyzer within one week. To 
secure patient cooperation, two images were 
obtained on one day and the third on another 
day. The eye to be imaged was randomly cho- 
sen for each subject. The disk images were 
stored on floppy diskettes. A color slide fundus 
photograph of the optic disk was also obtained. 
The diskettes and photographs were matched, 
coded, and placed ina random sequence. Three 
ophthalmologists (E.B.W., D.M.K., and 
S.R.B.) experienced in clinical evaluation of the 
optic nerve and familiar with the operation of 
the Optic Nerve Head Analyzer served as ob- 
servers. Each observer marked the disk edge of 
each image while looking at the fundus photo- 
graph. There were a total of 57 images (three 
images for each of ten normal subjects and nine 
subjects with glaucoma). Each observer inde- 
pendently marked the disk edge of each image 
three times in a random sequence. Topographic 
measurements for each image were calculated 
without correction for ocular magnification. 

The topographic measurements of disk area, 
cup/disk ratio, disk rim area, and optic cup 
volume were evaluated statistically. 

Statistical methods—A four-way mixed analy- 
sis of variance test (normal subjects vs subjects 
with glaucoma X observers X images X read- 
ings), with the last three factors being repeated 
measures, was performed on the actual mea- 
surements for each topographic feature. Only 
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the grouping factor (normal vs glaucoma), 
group X observer interaction (interobserver), 
group X observer X image interaction (in- 
terimage), and group X observer X image x 
reading interaction (intraobserver) were exam- 
ined. All statistically significant F ratios were 
probed and a Tukey HSD post hoc comparative 
test was used to probe further any statistically 
significant differences. 

For both the normal subjects and the subjects 
with glaucoma, the variance of the three read- 
ings of each image was calculated separately 
for each observer. This value served as the 
dependent variable to compare the variability 
of measurements between the two groups, 
among the observers within a group, and 
among images within an observer within a 
group. A three-way mixed analysis of variance 
test (normal subjects vs subjects with glaucoma 
x observers X images), with the last two fac- 
tors being repeated measures, was performed 
on the variance for each topographic feature. 
To evaluate the variability of the measure- 
ments, the grouping factor (normal vs glauco- 
ma), the group X observer interaction 
(interobserver), and the group X observer X 
image interaction (interimage) were examined. 
All statistically significant F ratios were probed 
and a Tukey HSD post hoc comparative test was 
used to probe further any statistically signifi- 
cant differences. 


Results 


In the normal group there were three women 
and seven men, with a mean age of 35.4 years 
(range, 20 to 71 years). In the group with 
glaucoma, there were four women and five 
men, with a mean age of 62.4 years (range, 36 
to 79 years). 

Analysis of actual topographic measurements— 
As expected, there were statistically significant 
differences between the normal subjects and 
subjects with glaucoma for each of the topo- 
graphic measurements except total disk area 
(Table 1). In the normal subjects the mean 
cup/disk ratio (0.428) and optic cup volume 
(0.256 mm?) were smaller than in the glaucoma 
sample (0.722 and 0.901 më, P < .0005 and P < 
.01, respectively). The mean disk rim area was 
larger in the normal sample (1.333 mm’) than in 
the glaucoma sample (0.820 mm’, P < .0001). 
The total disk area was slightly larger in the 
subjects with glaucoma (2.04 mm?) than in the 


TABLE 1 
OVERALL SAMPLE MEANS AND STANDARD 
DEVIATIONS OF TOPOGRAPHIC MEASUREMENTS* 


DISK AREA RIM AREA CUP VOLUME 
(mM?) CUP/DISK RATIO (mM?) (MM3) 


Normal subjects (n = 10) 
Mean 1.84 0.428 1.33 0.256 
S.D. 0.360 0.179 0.283 0.194 


Subjects with glaucoma (n = 9) 
Mean 2.04 0.722 0.820 0.901 
S.D. 0.500 0.640 0.193 0.588 





*Values obtained by averaging all readings, images, and ob- 
servers for each individual subject. 


normal subjects (1.84 mm’). The difference, 
however, was not significant for this sample 
size. 

For all four topographic measurements, the 
group X observer X image X reading interac- 
tion showed no statistically significant differ- 
ences for the actual measurements among the 
three readings of each image for any observer 
in any subject (P > .05). In both groups, the 
three readings within each image for each ob- 
server were not significantly different (Tables 2 
and 3). Therefore, each observer was consis- 
tent in their markings of the disk margin for 
each image and intraobserver variability was 
random. 

The group X observer X image interaction 
showed no statistically significant differences 
in either the normal subjects or the subjects 
with glaucoma for any of the actual topograph- 
ic measurements obtained by the three observ- 
ers marking the three images of the same eye 
(P > .05). Therefore, variability resulting from 
acquisition of Rodenstock images on the same 
eye at different times was random in both 
subject groups. 

Statistically significant differences were 
found in the actual measurements for the topo- 
graphic measurements of cup/disk ratio, disk 
rim area, and cup volume by the group x 
observer interaction (P < .05). No statistically 
significant differences were found for the total 
disk area by this interaction. Further analysis 
showed that significant differences among ob- 
servers occurred only in the normal sample 
(cup/disk ratio, P = .05; disk rim area, P = .001; 
cup volume, P = .02). The Tukey HSD post hoc 
comparative test showed observer 1 to be statis- 
tically significantly different from observers 2 
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TABLE 2 
SAMPLE MEANS OF ACTUAL VALUES OF TOPOGRAPHIC MEASUREMENTS FOR NORMAL SUBJECTS* 





IMAGE 1 IMAGE 2 IMAGE 3 

OBSERVER 1 2 3 1 2 3 1 2 3 
Total disk area (mm?) 

Observer 1 172 1.69 1.61 1.76 1.67 1.69 1.76 1.67 1.74 

Observer 2 1.95 1.91 1.91 1.94 1.87 1.96 1.97 1.89 1.92 

Observer 3 1.90 1.85 1.87 1.88 1.88 1.87 1.92 1.87 1.84 
Cup/disk ratio 

Observer 1 0.461 0.459 0.470 0.449 0.450 0.440 0.420 0.427 0.398 

Observer 2 0.433 0.427 0.433 0.405 0.415 0.421 0.399 0.401 0.400 

Observer 3 0.444 0.462 0.448 0.427 0.431 0.425 0.406 0.404 0.418 
Rim area (mm?) 

Observer 1 1.20 1.18 1.11 1.23 1.16 1.16 1.27 1.19 1.25 

Observer 2 1.41 1.39 1.39 1.48 1.40 1.47 1.49 1.44 1.45 

Observer 3 1.35 1.29 1.32 1.39 1.37 1.38 1.45 1.40 1.37 
Cup volume (mm) 

Observer 1 0.250 0.245 0.240 0.253 0.246 0.242 0.251 0.243 0.244 

Observer 2 0.263 0.248 0.256 0.260 0.259 0.269 0.261 0.250 0.250 

Observer 3 0.261 0.315 0.259 0.258 0.261 0.259 0.258 0.256 0.255 





*4, 2, and 3 refer to reading number. 


TABLE 3 
SAMPLE MEANS OF ACTUAL VALUES OF TOPOGRAPHIC MEASUREMENTS FOR GLAUCOMA SUBJECTS 





IMAGE 1 IMAGE 2 IMAGE 3 

OBSERVER 1 2 3 1 2 3 1 2 3 
Total disk area (mm?) 

Observer 1 2.04 2.12 2.06 2.03 2.09 2.00 1.99 2.07 2.00 

Observer 2 2.06 2.08 2.11 2.11 2.07 2.08 2.04 2.07 2.06 

Observer 3 2.04 2.03 2.03 2.03 2.01 2.02 2.00 1.94 1.98 
Cup/disk ratio 

Observer 1 0.729 0.725 0.725 0.711 0.715 0.717 0.723 0.718 0.719 

Observer 2 0.754 0.722 0.729 0.699 0.713 0.713 0.734 0.716 0.733 

Observer 3 0.733 0.737 0.736 0.705 0.716 0.715 0.724 0.731 0.726 
Rim area (mm?) 

Observer 1 0.814 0.861 0.843 0.834 0.846 0.801 0.800 0.847 0.818 

Observer 2 0.805 0.835 0.826 0.870 0.823 0.827 0.784 0.835 0.793 

Observer 3 0.812 0.805 0.799 0.848 0.814 0.819 0.811 0.769 0.795 
Cup volume (mm) 

Observer 1 0.933 0.935 0.936 0.858 0.891 0.874 0.887 0.918 0.908 

Observer 2 0.939 0.912 0.924 0.882 0.876 0.881 0.901 0.903 0.915 


Observer 3 0.917 0.908 0.911 0.873 0.866 0.875 0.901 0.883 0.908 
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and 3 (P < .05) for the measurements of cup/ 
disk ratio and disk rim area. For cup volume, all 
three observers were significantly different 
from each other (P < .05). Therefore, differenc- 
es in some of the topographic measurements 
recorded when different observers marked the 
disk edge were not entirely random. 

Analysis of the variabilities of the topographic 
measurements—Table 4 presents each observer's 
overall variability (expressed as the square root 
of the average variance of the sample) of each 
topographic measurement in the normal sub- 
jects. The ranges of measured variability for the 
three observers were 0.138 to 0.222 mm? for 
total disk area, 0.069 to 0.078 for cup/disk ratio, 
0.177 to 0.231 mm for disk rim area, and 0.065 
to 0.102 mm? for cup volume. In addition, the 
proportion of variance from intraobserver and 
interimage effects and their interaction are list- 
ed. In most cases the largest source of variabili- 
ty is the interimage variability. Table 5 presents 


TABLE 4 
OVERALL VARIABILITY AND % CONTRIBUTION OF 
TOTAL FROM EACH OF THE COMPONENTS OF 
VARIANCE FOR THE NORMAL SUBJECTS 


VARIABILITY 
FROM 
INTRA- 
INTRA- OBSERVER- 
OBSERVER INTERIMAGE INTERMAGE 
TOTAL VARIABILITY VARIABILITY INTERACTION 
OBSERVER _ VARIABILITY* (%) (%) (%) 


Total disk area (mm?) 


Observer 1 0.222 40.3 43.4 16.3 
Observer 2 0.200 28.7 47.8 23.5 
Observer 3 0.138 22.4 55.8 21.8 


Cup/disk ratio 


Observer 1 0.078 18.4 72.0 9.5 
Observer 2 0.069 12.1 79.3 8.7 
Observer 3 0.074 7.6 84.0 8.7 


Rim area (mm?) 


Observer 1 0.231 19.9 67.0 12.7 
Observer 2 0.205 22.8 64.0 13.0 
Observer 3 0.177 10.6 74.5 14.9 


Cup volume (mm) 


Observer 1 0.065 6.5 91.8 1.6 
Observer 2 0.071 5.6 89.3 5.2 
Observer 3 0.102 36.6 29.7 33.7 


*Total variability expressed as square root of the average of the 
variances of each individual subject. 


TABLE 5 
TOTAL VARIABILITY AND % CONTRIBUTION OF TOTAL 
FROM EACH OF THE COMPONENTS OF VARIANCE 
FOR THE SUBJECTS WITH GLAUCOMA 





VARIABILITY 
FROM 
INTRA- 
INTRA- OBSERVER- 
OBSERVER INTERIMAGE INTERMAGE 
TOTAL VARIABILITY VARIABILITY INTERACTION 
OBSERVER VARIABILITY* (%) (%) (%) 


Total disk area (mm?) 


Observer 1 0.205 30.0 54.8 15.2 
Observer 2 0.245 25.7 66.0 8.3 
Observer 3 0.160 18.9 72.7 8.4 


Cup/disk ratio 


Observer 1 0.097 5.3 88.6 6.1 
Observer 2 0.089 TT 79.8 12.5 
Observer 3 0.081 2.3 94.8 2.9 


Rim area (mm?) 


Observer 1 0.201 12.0 76.6 11.3 
Observer 2 0.212 9.6 85.1 5.3 
Observer 3 0.160 9.9 83.4 6.6 


Cup volume (mm) 


Observer 1 0.127 4.5 87.1 8.5 
Observer 2 0.121 13.9 69.1 6.9 
Observer 3 0.110 7.0 88.4 4.7 


*Total variability expressed as square root of the average of the 
variances of each individual subject. 


the same information for the subjects with 
glaucoma. The ranges of measured variability 
for the three observers were 0.160 to 0.245 mm? 
for total disk area, 0.081 to 0.097 for cup/disk 
ratio, 0.160 to 0.212 mm? for disk rim area, and 
0.110 to 0.127 mm? for cup volume. The mea- 
surements of total disk area, cup/disk ratio, 
and optic cup volume showed no significant 
differences in the variance of measurements 
between the normal subjects and the subjects 
with glaucoma (P > .05). However, there was a 
significant difference in the variance of mea- 
surements between the two groups for disk rim 
area (P = .03). The normal subjects demonstrat- 
ed a higher mean variance (0.00688) than the 
subjects with glaucoma (0.00330). 

The group X observer interaction showed no 
statistically significant differences in the vari- 
ance of measurements for any of the topo- 
graphic measurements (P > .05). Therefore, in 
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both the normal subjects and the subjects with 
glaucoma each of the observers showed the 
same degree of variability. 

The group x observer xX image interaction 
showed no statistically significant differences 
in the variance of measurements for any of the 
topographic features (P > .05). Therefore, the 
variability of reading serial images acquired at 
different times was approximately the same for 
each observer in both subject groups. 





Discussion 





Previous studies on optic disk topographic 
measurements obtained with the Optic Nerve 
Head Analyzer have reported variability as a 
coefficient of variation.*” Shields and associ- 
ates’ discussed the difficulties of using coeffi- 
cient of variation as a measure of variability 
when the variability of a measurement is not 
proportional to the mean. They instead used 
the intraclass correlation coefficient as an alter- 
native estimate of variability. While this tech- 
nique allows an accurate estimate of the instru- 
ment and operator error, it does not provide 
information as to the absolute limits of random 
variability inherent in the measurement tech- 
nique. In their study, however, they analyzed 
data from normal subjects only, and their re- 
sults showing variability in normal subjects 
may not necessarily reflect the variability in 
patients with glaucoma. 

Our study was designed to answer several 
questions beyond the simple determination of 
the magnitude of variability of the Optic Nerve 
Head Analyzer including whether the variabili- 
ty of measurements is the same for patients 
with glaucoma as for normal subjects, whether 
the measurements are comparable when differ- 
ent observers mark the disk edge, and what the 
upper limit of random measurement error is in 
absolute terms. 

As expected, there are, except for the total 
disk area, large differences in the actual topo- 
graphic measurements between the normal 
subjects and the subjects with glaucoma (Tables 
1, 2, and 3). However, the measurement varia- 
bility is similar in both groups. The magnitude 
of the variability does not appear to be depen- 
dent in the presence of glaucomatous optic 
nerve damage. Thus, topographic measure- 
ments can be compared between patients, and 
criteria for progressive change in the optic 
nerve developed in one sample of subjects can 


be used for other samples without requiring 
revalidation. 

The greatest source of variability associated 
with the use of the Optic Nerve Head Analyzer 
is instrument variability (Tables 4 and 5). This 
relates to obtaining different images on the 
same eye at different times, the interimage 
variability. The intraobserver variability, the 
variability resulting from the same observer 
marking the disk margin on the video monitor 
multiple times, is relatively small. The variabil- 
ity resulting from the intraobserver-interimage 
interaction effect, that is, the variability from 
the effect of an observer serially marking imag- 
es obtained at different times on the same eye, 
is also relatively small. 

The only important nonrandom effect associ- 
ated with the Optic Nerve Head Analyzer re- 
lates to having different observers mark the 
disk margin, the interobserver effect. This ef- 
fect, which was found only when analyzing the 
actual measurements and not the variance of 
the measurements, occurred in the normal sub- 
jects and was not found in the analysis of total 
disk area. There may be a systematic difference 
in the effect of different observers marking the 
disk edge on the calculation of the cup margin. 
Although this effect is small and not consistent- 
ly present, in order to ensure the most consis- 
tent and least variable results, only one well- 
trained, experienced observer should mark any 
images that are to be compared to one another. 

The variabilities of topographic measure- 
ments obtained with the Optic Nerve Head 
Analyzer are for the most part independent of 
the presence of glaucomatous damage to the 
optic nerve. The significantly higher variance 
of the measurements of disk rim area in the 
normal subjects may reflect a type 1 error (re- 
jection of the null hypothesis when, in fact, it is 
true), or may reflect an increased difficulty in 
marking the disk edge in the presence of a 
thicker peripapillary nerve fiber layer. 

The variabilities that we found seem some- 
what larger than those reported by Caprioli and 
associates. This may be the result of differenc- 
es in experimental design. They analyzed ten 
images on each eye, whereas we analyzed only 
three. Our data agree with theirs, however, in 
finding that the major source of measurement 
variability is the instruments. Variability 
caused by the observer marking the disk mar- 
gin was relatively small in both studies. 

Our data can be used to calculate the upper 
limits of random variability that may be expect- 
ed in a series of measurements (Table 6). For 


702 AMERICAN JOURNAL OF OPHTHALMOLOGY 


TABLE 6 
95% AND 99% UPPER BOUND CONFIDENCE LIMITS 
FOR VARIABILITIES OF THE TOPOGRAPHIC 


MEASUREMENTS 
NORMAL GLAUCOMA 
SUBJECTS SUBJECTS 
OBSERVER 95% 99% 95% 99% 
Total disk area (mm?) 
Observer 1 365 .461 351 452 
Observer 2 329 = .415 .419 540 
Observer 3 .227 287 .274 ~=—.353 
Cup/disk ratio 
Observer 1 128 = .162 166 .214 
Observer 2 113.143 153. -197 
Observer 3 122 1154 138 .178 
Disk rim area (mm?) 
Observer 1 379 .479 344 443 
Observer 2 .338 = .426 -363  .468 
Observer 3 .291 .367 273: . 352 
Cup volume (mm?) 
Observer 1 108 = .136 .217 ~—-.280 
Observer 2 AM 8643447 .207 .267 


Observer 3 167.211 189 §.243 


cup/disk ratio, measurement variability of 
greater than approximately 0.14 will be the 
result of random variability less than 5% of the 
time, whereas variability greater than approxi- 
mately 0.18 will be the result of random varia- 
bility less than 1% of the time. Corresponding 
figures are shown in Table 6 for disk rim area 
and optic cup volume. These upper limits for 
random variability can be used as guidelines 
for comparing measurements made at different 
times in a patient to determine the probability 
that any change in the optic disk topographic 
measurements represents true morphologic 
change in the optic disk rather than measure- 
ment error. 

Although the observers were not statistically 
different with regard to variability, the values 
for the upper bound confidence limits were not 
identical for each observer. Therefore, it ap- 
pears necessary for any individual marking the 
disk edge on the Optic Nerve Head Analyzer to 
establish independently a level of variability. 

The total variability and upper bound confi- 
dence limits for total disk area and disk rim 
area are similar (Tables 4, 5, and 6). Total disk 
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area is probably not altered in glaucoma. Also, 
since the calculation of total disk area does not 
depend on the computer-generated determina- 
tion of the cup margin, the variability of this 
measurement should more accurately reflect 
the true observer and instrument variability. 
Since the magnitude of the variability of total 
disk area and the other measurements is much 
the same, the variability in the measurements 
that are altered in glaucoma are the result of the 
effects of image acquisition and marking the 
disk edge, and not of the software. 
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Traumatic Dehiscence of Incisions Seven Years After 


Radial Keratotomy 


Ben J. Glasgow, M.D., Harry H. Brown, M.D., David H. Aizuss, M.D., 
Bartly J. Mondino, M.D., and Robert Y. Foos, M.D. 


We studied the clinical and pathologic fea- 
tures of a traumatically ruptured eye seven 
years after radial keratotomy. The radial kera- 
totomy incisions were identified and topo- 
graphically related to perforation sites. Three 
radial keratotomy incisions were perforated. 
Seven additional incisions were partially sep- 
arated. Radial keratotomy incision depths 
ranged from 50% to 90% in the remaining 
incisions. All incisions showed disruption of 
Bowman’s membrane, 15 of 16 showed mal- 
apposition of Bowman’s membrane, and 14 of 
16 showed epithelial plugging. In this case the 
healing and strength of radial keratotomy inci- 
sions were suboptimal seven years after the 
procedure. 


CLINICAL COMPLICATIONS of radial keratoto- 
my include decreased and fluctuating vision,’ 
undercorrection and overcorrection of refrac- 
tive error,” induction of astigmatism,!* monoc- 
ular diplopia, glare,’* corneal erosions,’ corne- 
al ulceration,’ corneal scarring,’ epithelial 
ingrowth,’ epithelial inclusion cysts,’ Cogan’s 
map-dot-fingerprint corneal dystrophy, en- 
dothelial cell loss,! blood in incisions,! vascular 
ingrowth,’ traumatic hyphema,’ cataract,*’ en- 
dophthalmitis,* blepharoptosis,’ retinal detach- 
ment,” optic atrophy,” sterile keratitis with 
corneal perforation," keratotomy incision de- 
hiscence after severe head trauma,” and dehis- 
cence after direct ocular or orbital trauma.” 
Traumatic globe rupture has been associated 
with radial keratotomy,“ but contiguity be- 
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tween incisions and perforation sites was not 
established. Based on histologic findings 70 
months after the operation, it has been stated 
that radial keratotomy incisions heal com- 
pletely.” We report dehiscence of incisions as- 
sociated with trauma 79 months after radial 
keratotomy. 


Case Report 





A 55-year-old man had radial keratotomies 
for myopic astigmatism performed on Oct. 9, 
1980 in the left eye and Nov. 26, 1980 in the 
right eye. A metal blade was used. Uncorrected 
preoperative visual acuity in the right eye was 
20/400; best-corrected visual acuity was 20/20 
with a cycloplegic refraction of —4.00 —2.50 x 
5. Postoperatively, the refractive error im- 
proved to —1.50 —0.50 x 100. Two transverse 
incisions were added to the right cornea at the 6 
and 12 o’clock meridians in January 1982. Three 
and one-half years after the procedure, the 
patient had no complaints. Uncorrected visual 
acuity was R.E.: 20/40, correctable to 20/20. 

In May 1987, the patient was beaten with a 
shoe around both orbits. On examination visu- 
al acuity was R.E.: no light perception and L.E.: 
20/20. There was dehiscence of two radial kera- 
totomy incisions (at the 3:30 and 8 o'clock 
meridians), which joined and extended across 
the optical clear zone of the cornea. The wound 
at the 3:30 meridian extended through the nasal 
corneoscleral limbus into the sclera. An inci- 
sion at the 4 o’clock meridian was also perforat- 
ed and joined the perforation of the 3:30 merid- 
ian in the optical clear zone. Incisions at the 
7:30 and 9 o’clock meridians were partially 
splayed. There was an anterior chamber hyph- 
ema and vitreous hemorrhage. Pigmented tis- 
sue extruded through the wound. The dehis- 
cent incisions were sutured and a vitrectomy 
was performed (Fig. 1). A right inferior orbital 
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Fig. 1 (Glasgow and associates). Photograph of the 
right eye after repair of perforations shows sutures 
surrounding dehiscent radial keratotomy incisions in 
the 3:30, 4, and 8 o’clock meridians. 


floor fracture was repaired. Six weeks later, the 
right eye was enucleated for intractable pain. 





Material and Methods 





The eye was fixed in 10% formalin for 48 
hours. Gross examination of the eye demon- 
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strated 16 radial keratotomy incisions with a 
sutured corneoscleral perforation extending 
from the sclera near the insertion of the medial 
rectus muscle to include three radial keratoto- 
my incisions as described above (Fig. 1). Verti- 
cal sectioning of the eye showed that the perfo- 
ration sites were contiguous with the radial 
keratotomy incisions (Figs. 2 and 3). Blood and 
white tissue in the anterior chamber were ad- 
herent to the wound. The vitreous cavity was 
filled with blood and there was a total funnel- 
shaped retinal detachment (Fig. 2). 

Radial keratotomy incisions were marked 
with inks of different colors to aid in micro- 
scopically identifying each incision. Seventy 
step sections were obtained approximately per- 
pendicular to the perforations. Sections of each 
radial keratotomy incision were obtained. Inci- 
sion depths were measured with a calibrated 
micrometer built into a X10 ocular eyepiece. 
The relative incision depth was computed in 
each section as the ratio of the greatest depth of 
the radial keratotomy incision to the total cor- 
neal thickness. 





Results 


Microscopic examination showed three per- 
forations of corneal stroma with sutures 
around the incisions and granulation tissue in 


Fig. 2 (Glasgow and associates). 
Gross photograph of the right eye 
shows a funnel-shaped retinal de- 
tachment and granulation tissue 
adherent to the ruptured radial 
keratotomy incision (X 2). 
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the posterior portion of the wounds. All three 
perforation sites were contiguous with the radi- 
al keratotomy incisions (Fig. 4). Seven addi- 
tional incisions showed partial stromal separa- 
tion (Fig. 5). Fourteen of 16 incisions showed 
epithelial plugging in the wound (Fig. 5), all 16 
showed disruption of Bowman’s layer, 15 
showed malapposition of the cut edges of Bow- 
man’s layer, and one wound exhibited pannus 
formation. The depths of nonperforated radial 
keratotomy incision scars varied from 50% to 
90% of the corneal thickness. Descemet’s mem- 
brane and corneal endothelium showed no ab- 
normalities except for disruption at corneal 
rupture sites. 





Discussion 





Wound incision separation caused by severe 
head trauma has been reported to occur one 
year after radial keratotomy, although no de- 
tailed clinical or pathologic description of the 
rupture site was included.” Simons and Lin- 
salata“ gave a histologic description of a rup- 
tured globe after radial keratotomy, but defor- 
mity of the globe precluded accurate 
assessment of all radial keratotomy incisions 
and it was uncertain whether the cornea rup- 
tured along the site of the radial keratotomy 
incisions. In our case, the radial keratotomy 
incisions were visible clinically after the trau- 
matic injury: three incisions were completely 
ruptured and two were partially splayed. Gross 


Fig. 3 (Glasgow and associates). 
Gross photograph shows the rup- 
tured radial keratotomy incision at 
higher magnification (x 8). 


examination of the eye allowed identification of 
keratotomy incisions and step sectioning docu- 
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Fig. 4 (Glasgow and associates). Photomicrograph 
shows corneal perforation site in contiguity with the 
radial keratotomy incision (hematoxylin and eosin, 
x 40). 
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Fig. 5 (Glasgow and associates). Photomicrograph 
shows malapposition of Bowman’s layer, epithelial 
plugging, and stromal dehiscence of a nonperforated 
radial keratotomy (hematoxylin and eosin, x 40). 


mented contiguity of radial keratotomy inci- 
sions with the perforation sites. The traumatic 
wound path followed three radial keratotomy 
incisions. Simons and Linsalata™ found it diffi- 
cult to differentiate microscopically the perfo- 
ration site from a radial keratotomy incision. In 
our case, macroscopic visualization and step 
sectioning of wounds allowed us to demon- 
strate that the perforation followed three kera- 
totomy incisions. These findings suggest that 
the cornea was prone to separation in these 
areas because of inherent weakness in the radi- 
al keratotomy scars. We do not contend that the 
eye rupture occurred solely because of the 
presence of radial keratotomy incisions, as it is 
possible the cornea would have separated in 
other areas with this degree of trauma even if 
the operation had not been performed. 

Possible points of initial rupture include the 
central cornea, sclera near the insertion of the 
medial rectus muscle, or in a radial keratotomy 
incision. The pattern of rupture observed in 
our case has been called “stellate” by Larson 
and associates.” In their study, it was the 
third most frequent pattern of rupture observed 
with experimental central impact to the lapine 
cornea. 

Previous studies have demonstrated that ra- 
dial keratotomy in pigs and freshly enucleated 
human eyes increases susceptibility to globe 
rupture from lateral or axial compression." 
Similarly, feline eyes that have had radial kera- 
totomies are more prone to rupture from BB 
pellet injury than control eyes." These studies 





were done immediately after radial keratotomy 
and do not take into account increases in 
wound strength from healing. However, others 
have demonstrated that rabbit eyes, 90 days 
after radial keratotomy, required only 50% as 
much energy as control eyes to rupture. The 
tensile strength of human corneas after healing 
of radial keratotomy incisions has yet to be 
assessed. 

Histologic and ultrastructural findings of ten 
corneas examined ten days to 70 months after 
radial keratotomy showed that fractures in 
Bowman’s layer were common to all radial 
keratotomy wounds.” '**! Malapposition of 
Bowman’s membrane after radial keratotomy 
has been previously described in eight of nine 
cases.”*! Similarly, plugs of epithelium in the 
keratotomy incisions have been shown in seven 
of nine corneas up to 47 months after the 
procedure.**'1 Neither malapposition of 
Bowman's layer nor epithelial plugging was 
found in keratotomy incisions 66 and 70 
months after radial keratotomy.” Their absence 
and lectin binding patterns were taken as evi- 
dence of adequate wound healing in radial 
keratotomy incisions. Malapposition of Bow- 
man’s membrane and epithelial plugging in the 
wounds were observed 79 months after radial 
keratotomy in our case. These persistent struc- 
tural defects suggest that wound healing was 
not complete. In our case, another possible 
explanation for these findings is that ten of 16 
incisions partially or completely separated dur- 
ing trauma and the epithelial plugging and 
malapposition of Bowman’s membrane repre- 
sent healing that occurred in the month before 
enucleation. With either explanation, one is 
forced to conclude that structural defects, di- 
minished wound strength, or both persisted in 
the radial keratotomy incisions. However, pa- 
rameters such as malapposition of Bowman’s 
layer, epithelial plugging, or lectin binding 
patterns have not been correlated with tensile 
wound strength in the cornea. 

Macroscopic and histologic separation of the 
corneal stroma was observed in seven unperfo- 
rated radial keratotomy incisions in our case 
and may be a result of trauma or may be 
artifactual. Trauma is the likely cause in the two 
incisions that were clinically observed to be 
partially separated before enucleation (Fig. 1). 
Stromal separation was observed histologically 
in these two wounds. However, other authors 
have noted microscopic stromal separation of 
incisions in nontraumatized radial keratotomy 
incisions, suggesting that some separation is 
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caused by tissue shrinkage from fixation.” 
These putative tissue artifacts strongly suggest 
weakness in the scar, since normal corneal 
stromal lamellae do not separate in this plane 
even with formalin fixation. 

Luttrull, Jester, and Smith” noted that the 
vulnerability of porcine corneas to blunt trau- 
ma increases if the previous incision is 90% of 
the total corneal thickness. Control of the 
depth of the incisions may be difficult. In 
previous histologic reports, the depths of radi- 
al keratotomy incisions ranged from 16.5% to 
98% of the corneal thickness.” In our case, 
incised depths ranged from 50% to 90% of the 
corneal thickness. The deepest unperforated 
incision that penetrated 90% of the cornea was 
not partially separated. We are therefore un- 
able to relate the depth of incisions alone to the 
likelihood of rupture. The distribution and de- 
gree of force is probably also important in 
determining the vulnerability of incisions to 
rupture. 
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Fungal Keratitis in Contact Lens Wearers 





Kirk R. Wilhelmus, M.D., Nettie M. Robinson, M.S., Ramon A. Font, M.D., 
M. Bowes Hamill, M.D., and Dan B. Jones, M.D. 


In a retrospective review from 1972 through 
1987 of patients with microbial keratitis, fun- 
gal infection occurred in four (4%) of 90 cos- 
metic or aphakic contact lens wearers and in 
four (27%) of 15 patients using a therapeutic 
soft contact lens. Predisposing factors includ- 
ed improper lens care by the refractive lens 
wearers and a chronic epithelial defect with 
topical corticosteroid use among the therapeu- 
tic lens wearers. The responsible organisms in 
the refractive lens group were Fusarium solani 
(two patients) and Cephalosporium and Paecil- 
omyces (one patient each), and in the therapeu- 
tic lens group Candida (three patients) and 
Aspergillus (one patient). Filamentous fungi 
were more likely to be associated with cosmet- 
ic or aphakic lens wear, whereas yeasts were 
more frequently found with therapeutic lens 
use. 


CONTACT LENS-RELATED corneal infection 
with fungi are rare.' We reviewed the occur- 
rence of fungal keratitis among patients with 
contact lens-associated microbial keratitis ex- 
amined at our institution from January 1972 
through December 1987. Eight patients were 
identified with fungal keratitis related to cos- 
metic, aphakic, or therapeutic lenses (Table 1). 





Case Reports 





Case 1 

A 23-year-old woman developed pain in her 
left eye immediately after having problems tak- 
ing out her hard contact lens with a lens remov- 
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al device. She began using sulfacetamide- 
prednisolone acetate eyedrops with temporary 
improvement, but a focal, suppurative anterior 
stromal infiltrate with feathery margins persist- 
ed. Smears of corneal scrapings demonstrated 
acute inflammatory cells with no microorga- 
nisms. Treatment included topical cefazolin, 50 
mg/ml, and tobramycin, 13.6 mg/ml, hourly, 
and atropine 1% three times daily. Cultures 
remained negative over the subsequent one 
week, and the corneal infiltrate enlarged (Fig. 
1, top left). Repeat corneal scrapings showed 
hyphal elements by Gram, calcofluor white, 
and acridine orange staining. A corneal biopsy 
similarly demonstrated branching, septate hy- 
phae (Fig. 1, top right). Fungal cultures subse- 
quently grew Fusarium solani from the initial 
and follow-up scrapings. Fusarium solani was 
also isolated from the corneal biopsy specimen 
and from the contact lens case. Antifungal 
sensitivity testing showed the following 
minimal inhibitory concentrations: amphoteri- 
cin B, >16 ug/ml; natamycin, 2 ug/ml; clotrima- 
zole, >16 pg/ml; miconazole, >l6 ug/ml; 
ketoconazole, >32 ug/ml; econazole, 4 ug/ml; 
butaconazole, >32 pg/ml; itraconazole, 4 
ug/ml; flucytosine, >32 pg/ml; and Ro 14-4767/ 
002 (a phenylpropyl-morpholine), >32 ug/ml. 
Therapy was changed to topical natamycin, 50 
mg/ml hourly, and 200 mg of oral ketoconazole 
three times daily. Gradual improvement oc- 
curred, but because of persistent inflammation 
topical dexamethasone 0.1% was added after 
three weeks of antifungal therapy. A superfi- 
cial keratectomy was performed after six weeks 
of antifungal therapy because of an exophytic, 
inflammatory overgrowth from which no mi- 
croorganisms were isolated. Natamycin was 
discontinued after nine weeks, and dexametha- 
sone was stopped soon thereafter. Vision was 
limited to 20/70 by a residual central thinned 
corneal scar (Fig. 1, bottom left). 


Case 2 
A 38-year-old woman developed a red, irri- 
tated right eye three days after reinserting her 
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TABLE 1 
SUMMARY OF PATIENT DATA 
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PATIENT NO., FINAL 
AGE (YRS), VISUAL 
SEX CONTACT LENS TYPE PREDISPOSING FACTOR CORNEAL ISOLATE LENS CASE ISOLATE* ACUITY! 
1,23, F Myopic daily-wear hard Difficult removal with F. solan F. solani 20/70 
plunger 
238, F Myopic extended-wear None No growth? F. solani 20/20 
gas-permeable 
3, 63, M Aphakic daily-wear Lens spoilage Cephalosporium sp. ND 20/20 
soft 
4, 87, F Aphakic extended-wear Inadequate lens hygiene Paecilomyces sp.’ ND HM 
soft 
5, 45, M Therapeutic Herpes simplex keratitis A. wentii No growth CF 
6, 66, M Therapeutic Herpes simplex keratitis Candida sp. ND NLP 
7, 48, F Therapeutic Herpes simplex keratitis C. parapsilosis ND 20/70 
8,41, F Therapeutic Sjogren's syndrome, C. tropicalis ND LP 
postkeratoplasty 
“ND, not done. 


"CF, counting fingers; HM, hand motions; LP, light perception; NLP, no light perception. 
*Septate, filamentous fungi identified in corneal biopsy or keratoplasty specimen. 





Fig. 1 (Wilhelmus and associates). Case 1. Top left, 
Advanced F. solani keratitis in a hard contact lens 
wearer was diagnosed one week after the onset of 
symptoms. Top right, Corneal biopsy stained with 
methenamine silver shows filamentous fungi invad- 
ing the anterior stroma (x 128). Bottom left, A residu- 
al corneal opacity remains after antifungal therapy. 
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extended-wear gas-permeable hard contact 
lenses. No topical medications were used be- 
fore corneal scrapings were performed. No or- 
ganisms were isolated from corneal scrapings 
or conjunctival swabbings, although F. solani 
was isolated from the contact lens case. She 
was initially treated with topical cefazolin, 50 
mg/ml, and gentamicin, 13.6 mg/ml, hourly. 
However, because of enlargement of the infil- 
trate with a branching pattern, an excisional 
corneal biopsy using a 1.5-mm trephine was 
performed after one week of topical therapy. 
The diagnosis of keratomycosis* by biopsy was 
confirmed by the histopathologic findings, 
which showed septate, filamentous fungi in- 
vading the anterior stroma. The patient re- 
ceived a five-week course of topical natamycin, 
50 mg/ml, on a tapering schedule. The biopsy 
site rapidly reepithelialized with minimal scar- 
ring, and best-corrected visual acuity returned 
to 20/20. 


Case 5 

This 45-year-old man received topical idoxur- 
idine for recurrent herpes simplex epithelial 
keratitis. After two months he had an indolent 
epithelial ulceration with stromal infiltration. 
Cultures of corneal scrapings showed no 


growth. He was subsequently treated with top- 
ical prednisolone phosphate, vidarabine, and 
chloramphenicol. Because of a persistent epi- 
thelial defect a therapeutic Vifilcon A soft con- 
tact lens was applied (Fig. 2, top left). Ten 
weeks later, a confluent granular infiltrate ap- 
peared (Fig. 2, top right). Giemsa-stained 
smears of corneal scrapings showed multiple 
hyphal fragments, and cultures confirmed As- 
pergillus wentii. Initial treatment included topi- 
cal natamycin 5% hourly, and topical clo- 
trimazole 1% was added two weeks later. After 
six weeks of antifungal therapy, a fibrous out- 
growth occurred within the thinned area of 
stromal inflammation, which was excised. A 
residual vascularized corneal scar persisted 
(Fig. 2, bottom left) that remained relatively 
stable over the subsequent decade. 





Discussion 








Fungal keratitis is an uncommon complica- 
tion of contact lens wear. In our review of 
contact lens wearers with culture-proven mi- 
crobial keratitis, we found fungi in four (4%) of 
90 patients who were wearing a cosmetic or 








Fig. 2 (Wilhelmus and associates). Case 5. Top left, 
Corneal structural changes from chronic herpes sim- 
plex keratitis was treated with a therapeutic contact 
lens. Top right, Superinfection with A. wentii oc- 
curred despite frequent lens removal and disinfec- 
tion. Bottom left, After topical natamycin therapy, 
vision was limited by a residual corneal opacity. 


TABLE 2 
SUMMARY OF REPORTED CASES* 
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STUDY, 
PATIENT NO., 
AGE (yrs), SEX 


Dixon? 
139. F 

Dixon and associates* 
2, NS, F 
3, NS, M 

Liesegang and Forster 
4, NS, NS 

Lempê 
5, 69, M 


Galentine and associates” 
6, NS, NS 


Alfonso and associates® 
7, NS, NS 
8, NS, NS 

Wilson and Ahearn? 
9,62,M 


10, 46, F 


Ormerod and Smith’? 
11, 90, F 


Starr"! 
12: 76, F 


13i F 


Stenson’? 
14, NS, NS 


Dixon and associates* 
15, 50, F 


Brown and associates"? 
16, NS, NS 
17, NS, NS 

Vannas and Ruusuvaara’* 
18, 63, F 


Krachmer and associates'® 
19.91 F 


Yamamoto and associates'® 
20, 66, M 


Liesegang and Forster 
21, NS, NS 
22, NS, NS 


CONTACT 
LENS 
TYPE 


OCULAR CONDITION 


Refractive Contact Lenses 


Hard 


Hard 
Hard 


Soft 


Extended-wear 
soft 


Extended-wear 
soft 


NS 
NS 


Extended-wear 
soft 

Extended-wear 
soft 


Extended-wear 
soft 


Extended-wear 
soft 

Extended-wear 
soft 


Soft 


NS 


NS 
NS 


NS 


Aphakia, 
postkeratoplasty 


Aphakia 
NS 
NS 
Aphakia 


Aphakia 


Aphakia 


Aphakia 


Aphakia 


NS 


Therapeutic Contact Lenses 


Therapeutic 


Therapeutic 


Therapeutic 


Therapeutic 


Therapeutic 


Therapeutic 


Therapeutic 
Therapeutic 


Stevens-Johnson 
syndrome 


NS 
NS 


Postkeratoplasty 
Reis-Bicklers’ 
dystrophy 


Metaherpetic 
keratitis 


NS 
NS 


ORGANISM 


C. albicans 


C. albicans 
NS 


F. dimerum 


Candida sp. 
(presumed) 


Candida sp. 
Fusarium sp. 
NS 

F. verticilloides 


Curvularia lunata 


Penicillium sp. 


Paecilomyces 
lilacinus 

Paecilomyces 
lilacinus 


Alternaria 


Candida sp. 


C. albicans 


Filamentous 


C. tropicalis 
(presumed) 


Helminthosporium 
sp. 


Cephalosporium 
acremonium 


C. albicans 
A. flavus 


FINAL 
VISUAL 
ACUITY* 


NLP 


20/200 
NLP 


NS 


NS 


NS 


NS 


NS 


20/25 


20/25 


CF 


20/40 


20/40 


NS 


HM 


NS 


NS 


CF 


20/200 


20/400 


NS 
NS 


——_-_--———————————————————————————————— See 


*NS, not specified. 


‘CF, counting fingers; HM, hand motions; NLP, no light perception. 
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aphakic contact lens and in four (27%) of 15 
who used a therapeutic lens. A recent survey of 
accessible clinical reports of contact lens- 
related microbial keratitis’ likewise suggested 
that fungal keratitis accounts for approximately 
3% of infections associated with cosmetic or 
aphakic contact lenses and 12% of infections 
associated with therapeutic lenses. 

While all contact lens types have been associ- 
ated with microbial keratitis, fungal infection 
appears to occur more commonly in association 
with soft lenses, especially aphakic extended- 
wear and therapeutic lenses (Table 2).*!° Im- 
proper contact lens care with lens spoilage 
undoubtedly can predispose to microbial kera- 
titis in soft contact lens wearers. The presence 
of a pathologic corneal condition with a chronic 
epithelial defect, as well as concomitant corti- 
costeroid and antibacterial eyedrop medica- 
tions, are additional risk factors for kera- 
tomycosis with therapeutic lens use. 

The spectrum of responsible fungi in contact 
lens-related keratitis includes both hyphal 
molds and yeasts. Filamentous fungi, such as 
Fusarium, accounted for most corneal infections 
associated with refractive contact lens wear, 
while yeasts, namely Candida, caused most of 
the fungal corneal infections in patients using a 
therapeutic lens. How different contact lenses 
influence the development of fungal keratitis 
remains unclear. A reproducible animal model 
needs to be established." 

Fungi are not usually part of the ocular 
flora,’ even during contact lens wear,” but 
do frequently contaminate contact lens para- 
phernalia. Pitts and Krachmer* noted fungal 
growth in 14% of soft contact lens cases in 
asymptomatic contact lens wearers. Similarly, 
Donzis and associates” found fungal contami- 
nation in 3% of hard contact lens cases, in 8% of 
soft contact lens cases, and in up to 50% of 
homemade saline solutions. 

The contact lens itself can also harbor fungi. 
Soon after the development of the hydrophilic 
soft contact lens, Ruben” cautioned that fungal 
contamination could occur. Wilson and 
Ahearn’ estimated that 2% to 5% of worn 
extended-wear lenses are contaminated with 
fungi. Other studies have found fungal 
spoilation rates of 8% to 41%.*"" 

Multiple fungi have been cultured from soft 
lenses during use, including Acremonium,” Alter- 
naria,™™? Aspergillus," Aureobasidium,®™” 
Candida, Cephalosporium,®”® Cladosporium,®”’” 
Curvularia,? Fusarium,™”’! Geotrichum,™ Horm- 
odendrum," Penicillium,™”™® Rhodotorula,™®31% 
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Torulopsis,® and Trichoderma.” Laboratory stud- 
ies’? have also confirmed the ability of fungi 
to adhere to and to penetrate soft contact lens- 
es, especially those with a high water con- 
tent.’ 4 Presumably, older, damaged lenses 
with surface irregularities and deposits permit 
fungal attachment and growth. Tear compo- 
nents such as lysozyme, lactoferrin, and albu- 
min further enhance adherence of C. albicans to 
both hard and soft lenses.“ After adherence, 
fungal enzymes are apparently able to degrade 
hydrophilic polymers, permitting invasion and 
proliferation within the interior lens matrix.” 

Contact lens-related microbial keratitis, in- 
cluding fungal infection in particular, may be 
prevented if patients avoid contact lens wear in 
moldy environments, do not use nonsterile 
distilled water or homemade saline, do not 
reuse solutions, wash hands before each lens 
manipulation, clean and sterilize the lens and 
lens case frequently, and remove deposits with 
an enzyme or equivalent cleaner regularly. An 
awareness and recognition of fungal contami- 
nation of contact lenses is necessary to decide 
when to replace lenses and when to reinstruct 
patients in proper lens care. We recommend 
replacement of suspected fungus-contam- 
inated soft contact lenses, rather than attempt- 
ing disinfection with an antifungal medication 
or other solution.” 

Heat disinfection is generally a dependable 
method for preventing fungal contamination of 
soft contact lenses.” Even so, fungal spores can 
survive the temperature cycle of thermal disin- 
fection units. Potential problems also exist with 
chemical disinfecting systems.” Among the 
available cold chemical reagents, hydrogen 
peroxide is one of the most effective for eradi- 
cating fungal contaminants.“ Penley and asso- 
ciates recommended that the soaking period 
should be extended to between 45 and 60 min- 
utes. Additional developments of contact lens 
disinfecting techniques that reliably kill fungi 
and innovative ways to limit fungal adherence 
to contact lenses require further investigation. 
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OPHTHALMIC MINIATURE 
The dose was made up exactly after my own prescription; so I could not 


help taking it. 


Laurence Sterne, “Sentimental Journey” 


In John H. Lindsey (ed.): Medical Quotations from English Prose 


Boston, The Gorham Press, 1924, p. 296 








Postoperative Instillation of Low-Dose Mitomycin C in the 


Treatment of Primary Pterygium 





Seiji Hayasaka, M.D., Sachiko Noda, M.D., Yukari Yamamoto, M.D., 
and Tomoichi Setogawa, M.D. 


Eighty patients (99 eyes) with primary 
pterygia were treated with excision, with or 
without additional therapy, and were fol- 
lowed up for three to eight years after treat- 
ment. Of 29 eyes that underwent excision and 
postoperative instillation of 0.02% mitomycin 
C, there were only two recurrences. The other 
eyes were treated with excision only, excision 
and radiation, or excision and 0.04% mitomy- 
cin C. Instillation of 0.02% mitomycin C re- 
duced the recurrence rate significantly (P < 
-01). Only one of the 29 eyes (3%) treated with 
excision and 0.02% mitomycin C had a compli- 
cation, the lowest rate of all groups postopera- 
tively. We found the postoperative instillation 
of 0.02% mitomycin C, twice a day for five 
days, to be effective and safe in the treatment 
of primary pterygium. 


PTERYGIUM, a triangular sheet of fibrovascu- 
lar tissue that invades the cornea, may produce 
a cosmetic blemish, ocular irritation, or visual 
impairment. Although many surgical tech- 
niques have been proposed to remove pterygi- 
um, none is remarkably efficacious.'* Excision 
alone has not prevented recurrence.'* Postop- 
erative treatment with beta-radiation has re- 
duced the incidence of recurrence,*” but has led 
to further complications, such as scleral ulcera- 
tion, cataract, and infection. In 1963, 
Kunitomo and Mori’ reported the effects of the 
postoperative instillation of 0.04% mitomycin 
C, an anticancer antibiotic, three times a day 
for one to two weeks, to prevent the recurrence 
of pterygium after excision. Since then, this 
drug has been widely used in Japan.* However, 
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several serious complications that are possibly 
related to mitomycin C treatment have been 
reported.*” 

We studied the effects and safety of 0.02% 
mitomycin C, which was applied twice a day 
for five days postoperatively, in the treatment 
of primary pterygium. 





Patients and Methods 


Patients with primary pterygia who were 
surgically treated in our clinic or affiliated hos- 
pitals from 1978 to 1985 were examined three to 
eight years postoperatively. The diagnosis of 
primary pterygia was determined by clinical 
findings before any surgical treatment was per- 
formed. When fleshy pterygia actively grew 
and produced clinical symptoms, treatment 
was indicated. 

Ninety-two patients (111 eyes) were treated, 
but 12 patients (12 eyes) were lost to follow-up. 
Ninety-nine eyes of 80 patients were selected 
and divided into four groups according to treat- 
ment regimen (Table 1). There were no signifi- 
cant age and sex differences between the 
groups. Each group included patients with uni- 
lateral (majority) and bilateral pterygia. 

In Group 1, 31 eyes underwent excision of 
pterygium. Topical anesthesia was adminis- 
tered, separation of pterygium head with par- 
tial superficial keratectomy was performed, the 
pterygium body was separated from the sclera 
and then excised, the bare sclera was minimally 
cauterized, and the conjunctival flap was slid 
over, leaving 3 mm of bare sclera adjacent to 
the corneoscleral limbus. Polishing with a dia- 
mond burr was not done. Postoperatively, anti- 
biotics and corticosteroids were instilled topi- 
cally for two and four weeks, respectively. 
Suture threads were removed five days after 
surgery. 

In Group 2, 20 eyes underwent excision of 
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TABLE 1 
PATIENTS WITH PRIMARY PTERYGIA 





MEAN + S.D. 
AGE AT NO. 
GROUP NO.OF TREATMENT, SEX OF 
NO. PATIENTS* (YRS) (M:F) EYES TREATMENT 
1 26 58 +13 15:11 31 Excision 
2 18 52+10 11:7 20 Excision and 
2,000 rad of 
radiation 
3 17 57 +11 10:7 19 Excision and 
0.04% mitomycin 
C three times 
a day for one 
week 
4 26 54 + 16 14:12 29 Excision and 
0.02% mitomycin 
C twice a day 
for five days 
Total 80 55+13 46:34 99 





“Some patients with bilateral pterygia were treated by different 
procedures. These patients were entered into each group, ac- 
cording to the treatment administered. 


pterygium in the same manner as described 
above. Postoperatively, the bare sclera received 
2,000 rad of beta-radiation, administered with a 
“Sr applicator, for four days (500 rad per day). 
Antibiotics and corticosteroid eyedrops were 
also instilled. 

The 19 eyes in Group 3 underwent a similar 
excision of pterygium. Postoperatively, a high 
dose (0.04%) of mitomycin C eyedrops was 
instilled three times a day for one week, accord- 
ing to the method described by Kunitomo and 
Mori.” Topical antibiotics and corticosteroid 
eyedrops were also administered. 

In Group 4, 29 eyes underwent surgical exci- 
sion of pterygium as described above. Postop- 
eratively, a low dose (0.02%) of mitomycin C 
eyedrops was instilled twice a day for five days. 
Antibiotics and corticosteroid eyedrops were 
also given topically. 

Some patients with bilateral pterygia were 
treated with two different procedures. The data 
on these patients were entered into each group, 
according to the treatment regimen. Patients 
were excluded if they were given an additional 
dose of radiation ora single dose of 2,000 rad at 
the end of the surgical procedure, were treated 
with 0.02% mitomycin C twice a day for one 
week, received both radiation and mitomycin C 


instillation, or underwent previous ocular sur- 
gery. 

Recurrence was defined as the postoperative 
regrowth of fibrovascular tissue similar to the 
original pterygium. A cosmetic blemish was 
considered a recurrence. Patients who had a 
history of dissection for recurrent pterygium 
during the follow-up period were considered to 
have a recurrence. 

Cataract and visual acuity in the treated eyes 
were compared preoperatively and postopera- 
tively. Corneal and scleral ulcerations were 
examined by slit-lamp biomicroscopy with fluo- 
rescein and rose-bengal staining. Bacterial cul- 
tures were done from scraping samples of the 
ulceration. 

Mitomycin C was dissolved in a 0.9% NaCl 
solution, stocked in a refrigerator, and used 
within one week. 

P values were determined by x? analysis. 





Results 





In Group 1, ten of 31 eyes (32%) had recur- 
rences (Table 2). Three of 20 eyes (15%) in 
Group 2 showed recurrences. In Group 3, two 
of 19 eyes (11%) exhibited recurrences. The 
incidence of recurrence was lowest in Group 4: 
only two of 29 eyes (7%) demonstrated re- 
growth. Instillation of 0.02% mitomycin C re- 
duced the rate of recurrence significantly (P < 
-01) when compared to excision only. 

Complications occurred in three eyes (10%) 
in Group 1, and included mild discomfort, 
reduced visual acuity, severe astigmatism, and 
symblepharon (Table 3). Complications oc- 
curred in four eyes (20%) in Group 2. Cataract 
was noted in one eye. Corneal and scleral 
ulcerations with bacterial infection occurred in 
two eyes, but were successfully treated with 
antibiotics. In Group 3, five eyes (26%) suffered 
from complications. Scleral ulcerations without 
bacterial infection were noted in two eyes. In 
Group 4, complications were infrequent. Only 
one eye (3%) exhibited mild discomfort. Instil- 
lation of 0.02% mitomycin C reduced the com- 
plication rate significantly (P < .01) when com- 
pared to instillation of the 0.04% eyedrops. 





Discussion 





In the present study, the recurrence and 
complication rates were lowest in the group of 
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TABLE 2 
RECURRENCES AFTER THE TREATMENT OF PRIMARY PTERYGIA 
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P VALUE 
GROUP NO. OF EYES NO. (%) OF EYES COMPARED TO COMPARED TO 
NO. TREATMENT TREATED WITH RECURRENCE GROUP 1 GROUP 4 
1 Excision 31 10 (32%) — <.01 
2 Excision and 20 3 (15%) <.10 <.10 
radiation 
3 Excision and 19 2 (11%) <.05 >.10 
0.04% mitomycin C 
instillation 
4 Excision and 29 2 (7%) <.01 — 
0.02% mitomycin C 
instillation 


—— eee 


eyes that had undergone excision of pterygium 
and instillation of 0.02% mitomycin C. 
Regrowths after surgical removal of primary 
pterygium resemble the primary lesion in gross 
appearance, but the pathogenesis is reportedly 
different.” We, therefore, examined the effects 
of the treatment regimens in primary pterygia. 


The patients (mean, 55 years) in the present 
study were slightly older than those reported 
by others (mean, 30 to 50 years).*° However, 
recurrences of pterygia observed after excision, 
and excision with postoperative radiation in 
the present study were roughly similar to those 
described previously.* The recurrence rate after 


TABLE 3 
COMPLICATIONS AFTER THE TREATMENT OF PRIMARY PTERYGIA 


e 


P VALUE 
GROUP NO. OF EYES COMPLICATIONS* COMPARED TO COMPARED TO 
NO. TREATMENT TREATED (NO. OF EYES) GROUP 1 GROUP 4 
1 Excision 31 3 (10%) — <.10 
Mild discomfort (1), 
reduced visual acuity (2), 
symblepharon (2), severe 
astigmatism (2) 
2 Excision and 20 4 (20%) <.10 <.05 
radiation Mild discomfort (3), 
reduced visual acuity (2), 
infection (1), cataract (1), 
symblepharon (1), corneal 
ulceration (1), scleral 
ulceration (2) 
3 Excision and 19 5 (26%) <.10 <.01 
0.04% mitomycin Mild discomfort (2), 
C instillation reduced visual acuity (2) 
symblepharon (2), scleral 
ulceration (2) 
4 Excision and 29 1 (3%) <.10 a 
0.02% mitomycin Mild discomfort (1) 
C instillation 


— eee eer 


*Cosmetic blemish is considered a recurrence and not a complication. Some eyes had recurrences, multiple complications, or both. Mild 
discomfort developed soon after treatment, and continued for a few months. 
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surgical excision of pterygium has been report- 
ed to vary from 30% to 50%." 

Aswad and Baum" reported a low rate of 
recurrence following a single dose of 2,000 rad 
given at the end of the surgical procedure. Our 
patients in Group 2 received a similar dose for 
four days postoperatively. 

Mitomycin C is an anticancer antibiotic pro- 
duced by Streptomyces caespinosus. Despite its 
efficacy, scleral ulceration, uveitis, and secon- 
dary glaucoma have been reported as complica- 
tions of this treatment.’ Murakami, Mori, and 
Kunitomo” demonstrated an incidence of 13% 
of recurrences and 33% of cosmetic blemishes 
in 132 eyes treated with 0.04% mitomycin C 
instillation. We similarly found a 16% recur- 
rence rate and a 26% complication rate in 
Group 3 eyes. Two eyes in this group demon- 
strated scleral ulceration, but showed no uvei- 
tis or secondary glaucoma. Results of hemato- 
logic examination in all patients in Group 3 
were normal. 

Because instillation of 0.04% mitomycin C 
has resulted in complications, we used a low 
dose (0.02%) and a reduced frequency (twice a 
day for five days) of instillations of the drug 
postoperatively in Group 4, and obtained a 
good result. No systemic toxicity was noted in 
this group. 

Recurrence of pterygium commonly occurs 
within six months after the initial surgery.” 
Possible complications of 0.04% mitomycin C, 
such as scleromalacia, usually are visible in one 
month to three years after treatment." Late 
(three to 20 years later) complications of radia- 
tion have also been demonstrated.® We, there- 
fore, will continue to assess eyes treated with 
mitomycin C for up to 20 years after treatment. 
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Tissue Plasminogen Activator in Human Aqueous Humor 


and Its Possible Therapeutic Significance 





Ramesh C. Tripathi, M.D., James K. Park, B.A., Brenda J. Tripathi, Ph.D., 
and Charles B. Millard, B.A. 


By using an enzyme-linked immunosorbent 
assay, we detected a significant amount of 
tissue plasminogen activator (0.8 + 0.17 
ng/ml) in the aqueous humor of ten normal 
human eyes. It was also identified on Western 
blot analysis. The ratio of tissue plasminogen 
activator to total protein in aqueous humor 
was about 30 times greater than the ratio of 
tissue plasminogen activator to total protein in 
plasma. There was evidence that at least some 
of the tissue plasminogen activator in the aq- 
ueous humor was synthesized locally by the 
structures bordering the anterior chamber of 
the eye. Tissue plasminogen activator may be a 
useful therapeutic modality in clinical condi- 
tions of delayed dissolution of fibrin in the 
eye. 


TISSUE-SPECIFIC PLASMINOGEN activator is a 
serine protease that plays an important role in 
the fibrinolytic cascade.’ Although it is now 
recognized as an effective therapeutic agent for 
the dissolution of fibrin clots in the vascular 
system,” precise information concerning its 
normal level, activity, metabolism, and homeo- 
static regulation in the human eye is needed 
before it can be used routinely in the treatment 
of ocular disorders. We undertook this study to 
identify and quantitate tissue plasminogen ac- 
tivator circulating in normal human aqueous 
humor and to provide a rationale for its possi- 
ble therapeutic use in several ocular disorders. 
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Material and Methods 





We obtained samples of aqueous humor by 
paracentesis from the central pupillary area of 
the anterior chamber of patients undergoing 
elective cataract surgery. The detailed method 
for collection of pure aqueous humor was de- 
scribed previously.’ Briefly, by using a 30- 
gauge needle for paracentesis, and without 
touching the corneal endothelium, iris, or lens, 
we aspirated approximately 100 yl of aqueous 
humor from each subject before the surgical 
procedure was begun. 

By using an enzyme-linked immunosorbent 
assay (ELISA), we measured the amount of 
tissue plasminogen activator in the ten samples 
of aqueous humor. To each well of a 96-well 
microtiter plate we added a coating that con- 
sisted of 200 pl of goat anti-human tissue plas- 
minogen activator prepared from a 2-mg/ml 0.1 
M sodium bicarbonate stock solution diluted to 
1:800. The plates were incubated at 25 C for 
three hours in a moist chamber. The coating 
was discarded, and the wells were washed with 
saline-polyoxyethylene sorbitan monolaurate. 
Next, 200 pl of the aqueous humor samples and 
human tissue plasminogen activator standards 
were incubated at 25 C in a moist chamber for 
18 hours. The samples were removed, and the 
wells were washed four times with saline- 
polyoxyethylene sorbitan monolaurate. To each 
well, 200 pl of peroxidase-conjugated anti- 
tissue plasminogen activator IgG (prepared by 
diluting the stock solution to 1:2,000 with 
phosphate-buffered saline-polyoxyethylene 
sorbitan monolaurate) was added and allowed 
to incubate for three hours at 25 C. We dis- 
carded the conjugate and washed the wells four 
times with saline-polyoxyethylene sorbitan 
monolaurate. Finally, 200 pl of substrate, con- 
sisting of 0.4 mg/ml ortho-phenylenediamine, 
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and 0.01% hydrogen peroxide dissolved in 
citrate-phosphate buffer, pH 5.0, was added to 
each well, and the plates were incubated for 30 
minutes in the dark at 25 C. We terminated the 
enzymatic reaction by adding 50 pl of 4.5 M 
sulfuric acid per well. Absorbances were read 
on an ELISA reader at 492 nm. 

In order to exclude the possibility of false- 
positive results, we also identified the tissue 
plasminogen activator in aqueous humor by 
Western blot analysis. We brought the samples 
to approximately 35 times their concentration 
in vivo ona filter and resuspended them in the 
solubilizing mix (40% weight/volume urea, 1% 
weight/volume sodium dodecyl sulfate, and 3% 
volume/volume 2-mercaptoethanol, pH 7.6). 
Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis was performed with a minor 
modification? of the method of Laemmli,*? and 
immunoblotting was carried out according to 
the technique of Towbin and Gordon.’ For con- 
trols, 2 ng of human tissue plasminogen activa- 
tor was separated on 10% gels and transferred 
to nitrocellulose strips. The strips were stained 
with a mouse anti-human tissue plasminogen 
activator antiserum using an indirect peroxi- 
dase method,** and the molecular weight stan- 
dards were stained with Ponceau S. 





Results 





As determined by ELISA, the levels of tissue 
plasminogen activator in the ten samples of 
human aqueous humor ranged from 0.6 to 1.1 
ng/ml (Table). We found no correlation between 
the level of tissue plasminogen activator and 
the age, sex, or race of the patients. The mean 
concentration of tissue plasminogen activator 
was 0.8 + 0.17 ng/ml. The Western blot tests 
stained with the mouse anti-human tissue plas- 
minogen activator antibody showed a band at 
an approximate molecular weight of 68 kD, 
consistent with that of tissue plasminogen acti- 
vator (Figure). 








Discussion 








The possible sources of tissue plasminogen 
activator in the aqueous humor include secre- 
tion by the ciliary processes and synthesis by 
the cells bordering the anterior chamber.” Com- 
pared to the ratio of tissue plasminogen activa- 


TABLE 
LEVELS OF TISSUE PLASMINOGEN ACTIVATOR IN 
AQUEOUS HUMOR AS DETERMINED BY ELISA 





PATIENT NO., 
AGE (yrs), TISSUE PLASMINOGEN ACTIVATOR* 
SEX RACE (NG/ML OF AQUEOUS HUMOR) 
275 WwW 1.0 
2, 61, F B 0.8 
3, 86, F B 0.7 
4, 80, F B 0.7 
5, 79, F B 0.6 
6, 52,M B 0.7 
7, 87, F W 0.9 
8, 76, F WwW 0.6 
9,71, M B Ti 
10, 46, M WwW 0.9 





*Mean + S.D., 0.8 + 0.2 ng/ml. 


tor to total protein in plasma (15 ng/ml tissue 
plasminogen activator:70 mg/ml protein), the 
ratio in aqueous humor (0.8 ng/ml tissue plas- 
minogen activator:0.12 mg/ml protein) was 
more than 30 times higher. In view of the 
known roles of tissue plasminogen activator in 
the body, we may conjecture that its presence 
in the aqueous humor serves several functions. 
For example, tissue plasminogen activator may 
have a role in modulating the normal facility of 
aqueous outflow by regulating the amount of 
extracellular glycoproteins present in the tra- 
becular meshwork.” In cases of hyphema, plas- 
minogen activators in the aqueous humor are 
known to be important in the dissolution of 
fibrin clots." Patients with traumatic hyphema 
in whom systemic aminocaproic acid (an inhibi- 
tor of plasminogen activators) is administered 
show a significant increase in the length of time 
that clotting persists,” thereby lending support 
to the theory that tissue plasminogen activator 
plays a role in promoting fibrinolysis in the 
human anterior chamber. 

Breakdown of the blood-aqueous barrier in 
the course of various insults to the eye causes 
entry of fibrin, other plasma proteins, and 
inflammatory cells into the aqueous humor. 
Fibrin provides a structure for cicatrization. 
The clinical complications that result from the 
delayed dissolution of fibrinous exudates in the 
anterior chamber include formation of 
synechiae, increased intraocular pressure, fail- 
ure of surgical procedures for glaucomas, and 
compromise in the structural and functional 
integrity of the cornea, trabecular meshwork, 
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1 2 
Figure (Tripathi and associates). Immunoblot of 
aqueous humor protein (lane 2) stained with mouse 
anti-human tissue plasminogen activator antibody. 
Lane 1 contains human tissue plasminogen activator 
as control. A single specific band at 68 kD (arrow) is 
present in both lanes. 


lens, and uveal tissue. Therefore, rapid disso- 
lution of fibrin in the anterior chamber would 
reduce the clinical complications that are often 
associated with hyphema, anterior uveitis, and 
inflammation after surgery. 

Recent experimental studies on animals have 
provided evidence that tissue plasminogen ac- 
tivator has a therapeutic role in the treatment 
of disorders of both the anterior and posterior 
segments of the eye. Although other fibrino- 
lytic agents, such as urokinase and streptoki- 
nase, have been used for the resolution of 


hyphema in humans, these agents have failed 
to gain widespread acceptance mainly because 
of their toxicity and the resultant complica- 
tions. The administration of urokinase and 
streptokinase has been associated with cataract 
formation, increased intraocular pressure, in- 
flammation, corneal abnormalities, cloudy vit- 
reous, and retinal degeneration.’ Further- 
more, urokinase does not demonstrate 
preferential plasminogen activation in the pres- 
ence of fibrin, which may create indiscriminate 
plasminogen activation. In contrast, tissue 
plasminogen activator has minimal toxic effects 
in experimental animal models." Unlike 
urokinase and streptokinase, tissue plasmino- 
gen activator has the advantages of selective 
and enhanced plasminogen activation in the 
presence of fibrin, as well as protection of 
plasmin from antiplasmin inhibitors until com- 
plete clot lysis is achieved. These unique char- 
acteristics of tissue plasminogen activator make 
it the ideal choice for intraocular fibrinolysis 
while uncontrolled proteolysis is minimized. 

Cells of the trabecular meshwork that were 
exposed in vivo to whole blood or to plasma, as 
well as cultured trabecular cells exposed to 
thrombin, showed a four- to fivefold increase in 
the extracellular release of tissue plasminogen 
activator.” These findings indicate that, 
given a specific stimulus, the trabecular cells 
actively synthesize tissue plasminogen activa- 
tor. Whether other structures bordering the 
anterior chamber play a similar role remains to 
be investigated; however, alterations in the 
levels of tissue plasminogen activator in aque- 
ous humor have been reported in an animal 
model of uveitis.” 

In view of the normal levels of circulating 
tissue plasminogen activator in human as well 
as animal eyes, ™”:* and of the apparent insuffi- 
ciency of this naturally occurring protease in 
various clinical situations, we advocate the 
therapeutic administration of tissue plasmino- 
gen activator. Such therapy could be useful in 
those cases in which a delay in the dissolution 
of fibrin in the anterior chamber would other- 
wise lead to the formation of synechiae, in- 
creased intraocular pressure, failure of surgical 
procedures for glaucoma, and a compromise in 
the structural and functional integrity of tis- 
sues in the anterior segment of the eye. How- 
ever, because the large size of the tissue plas- 
minogen activator molecule (68 kD) would 
most likely preclude its passage across the 
cornea, topical delivery of the drug will be 
impractical. Direct intracameral or intravitreal 
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administration, therefore, should be the main 
route for delivery. 
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Periocular Basal Cell Carcinoma in Adults 35 Years of Age 


and Younger 





Jeffrey A. Nerad, M.D., and Duane C. Whitaker, M.D. 


Thirteen young adults (ages 21 to 35 years) 
with periocular basal cell carcinoma were 
identified out of 409 patients of all ages with 
basal cell carcinoma (3.2%). Factors related to 
patient and tumor characteristics were ana- 
lyzed. Two groups of patients were identified. 
Most of the patients tended to be of light 
complexion and eye coloring without a family 
history of basal cell carcinoma. A second 
group of patients with basal cell nevus syn- 
drome was identified. The tumors generally 
were single small lesions, but not nodular, 
usually being morpheaform in tissue struc- 
ture. The tumors were present for an average 
of 4.3 years before diagnosis. The area of 
excision was 5.4 times the clinically measured 
size. 


BASAL CELL CARCINOMA, the most common 
malignancy in humans,’ occurs in an estimated 
500,000 new cases each year.” Because basal cell 
carcinomas are most commonly seen in the 
aged, the diagnosis of basal cell carcinoma in 
young adults or children is often considered 
unlikely or misdiagnosed. The head and neck 
account for 90% of basal cell carcinomas. Of 
these, as high as 10% involve the eyelid. 137 
Thus basal cell carcinoma is the most common 
malignancy diagnosed by ophthalmologists. 
Basal cell carcinomas are usually seen in the 
sixth or seventh decade.*"! While basal cell 
carcinoma has been reported in pediatric pa- 
tients, as young as 5 years of age,” little atten- 





Accepted for publication Sept. 27, 1988. 

From the Oculoplastic, Orbital, and Oncology Serv- 
ice, Department of Ophthalmology (Dr. Nerad) and the 
Department of Dermatology (Dr. Whitaker), University 
of Iowa Hospitals and Clinics, Iowa City, Iowa. This 
study was supported in part by an unrestricted grant 
from Research to Prevent Blindness, Inc. 

Reprint requests to Jeffrey A. Nerad, M.D., Depart- 
ment of Ophthalmology, University of Iowa Hospitals 
and Clinics, Iowa City, IA 52242. 


tion has been given to periocular basal cell 
carcinoma in the younger adult popula- 
tion.*®113 Over half of all basal cell carcinomas 
are found in individuals over 65 years old“ and 
this tumor is considered uncommon before the 
age of 40 years.” We identified a population of 
young adults 35 years and under to study. 
Little attention has been given to the occur- 
rence of periocular basal cell carcinoma in this 
age group.’ Of 409 patients with periocular 
basal cell carcinoma at the University of Iowa 
only 13 (3.2%) were between the ages of 21 and 
35 years. For this population factors related to 
patient traits, tumor characteristics, and recon- 
structive technique are described, which may 
help the clinician diagnose and manage basal 
cell carcinoma in young adults. 








Material and Methods 





The study comprised 409 basal cell carcino- 
mas of the eyelids treated in the University of 
Iowa Department of Ophthalmology from 1976 
to 1987. Thirteen patients (3.2%) under age 35 
years with periocular basal cell carcinoma were 
identified. Eight patients were 29 years of age 
or younger at the time of diagnosis. Skin le- 
sions above the eyebrows, of the cheek below 
the orbital rim, or of the nose per se were not 
included. Each patient had histologic verifica- 
tion of the clinical diagnosis. Two patients had 
more than one tumor. The charts and photo- 
graphs were reviewed to identify the patient 
and tumor characteristics. Patient characteris- 
tics included age, sex, duration of tumor, histo- 
ry of previous basal cell carcinoma, history of 
previous treatment, family history, signs of 
basal cell nevus syndrome, physical sun expo- 
sure, and occupation. Tumor characteristics in- 
cluded appearance, location, size, and cell sub- 
type. Reconstructive technique and surgical 
results were evaluated. 
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Results 





The patients ranged in age from 21 to 35 
years. The average age was 28.9 years. The age 
distribution was calculated on the basis of the 
patient’s age at the time of removal of the 
lesion. There were six men and seven women. 
Eight of the 13 patients had light pigmentation 
including complexion, blue or green eyes, and 
blond hair (including blondish hair patients 
and one reddish blonde). The other five pa- 
tients had normal or dark pigmentation includ- 
ing three patients with basal cell nevus syn- 
drome (Table). 

No patient had a history of excessive sun 
exposure or radiation therapy. The patients 
were largely descendants of European, Scandi- 
navian, and English ancestors; however, no 
particular origin was noted. All patients were 
white. A family history was noted in a total of 
five patients, including the three patients with 
basal cell nevus syndrome. 

Eleven patients had received no previous 
treatment. One patient underwent previous 
liquid nitrogen cryotreatment and one patient 
had had cauterization of the lesion. The dura- 
tion of the lesion before undergoing Mohs’ 


TABLE 


excision ranged from six months to ten years 
(average, 4.3 years). Two patients had had 
other skin tumors. Each of these patients had 
basal cell nevus syndrome. Multiple tumors 
were diagnosed in two patients who also had 
basal cell nevus syndrome. In these cases 
tumor was present bilaterally with several 
other accompanying tumors of the face (five 
tumors in one case and 13 tumors in the other). 
None of these patients had a history of exces- 
sive sun exposure or radiation. 

Clinically the tumors were, in general, small. 
Only four patients had clinically apparent 
tumor greater than 1 cm? (Cases 3, 7, 8, and 12). 
The average area was 0.77 cm? with a range of 
0.20 cm? to 2.55 cm?. In most cases, the clinical 
appearance was not that of a “typical” nodular 
basal cell carcinoma. Rather, most lesions were 
erythematous, flat or slightly raised, often with 
scaling (Fig. 1). Telangiectasia was noted fre- 
quently (Figs. 1 and 2). At incisional or ex- 
cisional biopsy the cell subtype was most often 
morpheaform (in seven of 11 tumors where 
subtype was identified). The area after excision 
was generally much bigger than the average 
size based by clinical appearance and ranged 
from 1.2 to 11.3 times as large as the clinical 
tumor dimensions (average, 5.4 times). 


CLINICAL FEATURES OF BASAL CELL CARCINOMA OF THE EYELID IN YOUNG ADULTS 





SIZE 
INITIAL OF DEFECT NEVOID BASAL 
CASE AGE CLINICAL SIZE AFTER MOHS' EXCISION COMPLEXION: CELL CARCINOMA CELL 
NO. (vrs) (AREA, cm2) (AREA, cm2) HAIR/EYES SYNDROME TYPE RECONSTRUCTION 
1 31 0.39 2.76 Fair/Blonde/Blue Morphea Hughes’ flap 
an 32 0.25 1.2 Normal/Brown/Green Morphea O-Z primary closure 
3 34 2.0 6.1 Fair/Blonde/Green Morphea Large myocutaneous flap 
4 28 0.4 1.9 Fair/Red/Blue Nodular Myocutaneous flap 
5- 21 0.08 0.9 Normal/Brown/Brown Present Nodular Myocutaneous flap 
6 35 0.25 0.6 Normal/Brown/Brown Morphea Primary closure; 
small flap 
r- 1.0 1.19 Normal/Blonde/Blue Morphea Myocutaneous flap 
8 28 2.55 9.9 Fair/Blonde/Blue Nodular Large myocutaneous flap 
9 23 0.4 0.96 Fair/Brown/Green Myocutaneous flap 
10 23 0.5 1:7 Normal/Brown/Green Present Multiple Primary closure and 
0.16 1.0 nodular and granulation 
morphea 
11 35 0.20 0.75 Fair/Brown/Blue Nodular Myocutaneous flap; 
small skin graft 
1 827 1.35 11.2 Fair/Blonde/Blue Nodular Periosteal strips; 
myocutaneous flaps 
13 29 0.3 0.8 Normal/Brown/Brown Present Morphea Myocutaneous flap 
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after Mohs’ excision. 


Anatomically, most tumors involved skin 
alone or skin and muscle only. The eyelid 
margin was involved in only two cases (Cases 1 
and 12). No tumors involved bone or orbital 
tissues. Eight tumors occurred on the left side, 
seven tumors occurred on the right side. The 
lower eyelid was affected by tumor in seven 
cases. The medial canthus was affected by 
tumor in six cases. The upper eyelid and lateral 
canthus were involved in one case each. Myo- 


Fig. 1 (Nerad and Whitaker). Left, Small, flat basal cell carcinoma with scaling, before Mohs’ excision; right, 
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cutaneous flaps were used to reconstruct ante- 
rior lamellar defects in 11 of 15 cases. Under- 
mining and direct closure or “O to Z” flaps 
were used in four cases. Posterior lamellar 
defect reconstruction was necessary in only 
two cases (Cases 1 and 12). A Hughes’ tarso- 
conjunctival flap was used in one case, and 
periosteal strips were used in a second case. 
Myocutaneous flap advancement covered the 
anterior lamellar defects. The postoperative re- 


D ie 


Fig. 2 (Nerad and Whitaker). Left, Medial canthal lesion with prominent telangiectasia, before Mohs’ excision; 


right, after Mohs’ excision. 
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constructive result was considered excellent in 
11 of 15 cases (little or no scarring or deformity 
present); good in three cases (slight deformity 
or scarring present); fair in one case (moderate 
deformity, but good function); and poor in no 
cases (major deformity or poor function). Three 
patients required one or more revisions includ- 
ing canthoplasties or scar revision. Two pa- 
tients required two revisions. Follow-up infor- 
mation was not considered adequate in the 
series to state long-term cure rates. Mean 
follow-up time was 19 months. Median follow- 
up time was seven months. No recurrences 
were noted in any treated patient. Five-year 
follow-up information was available in only 
two patients who showed no recurrence. One 
patient with basal cell nevus syndrome had 
numerous new tumors since excision of the 
periorbital tumors. No other patient was 
known to have new tumors since the periorbital 
tumors reported were excised. 


Discussion 


Individual case reports describe basal cell 
carcinoma in patients as young as 5, 9, 11, and 
13 years.'"¥® A basal cell carcinoma of the back 
was reported in a 12-year-old, which was pres- 
ent since age 2 years." Ewing reported a basal 
cell carcinoma in a 14-year-old girl, which was 
fatal at age 36 years." 

Murray and Cannon" described 45 basal cell 
carcinomas in 41 young adults and children 
with basal cell carcinoma anywhere on the 
body. Thirteen of 45 lesions were on the eye- 
lids. This article does not deal specifically with 
carcinoma of the eyelids, per se. However, five 
patients between the ages of 10 and 15 years 
were identified with basal cell carcinoma. Sev- 
enteen patients had the first sign of disease by 
20 years of age. Stein and Webster” reported 
basal cell carcinoma in two children 14 years 
old and one child 11 years old. Two cases 
involved the nose and one involved the fore- 
head. Linberg’ described 16 cases of periocular 
basal cell carcinoma in young adults. Linberg 
stressed the advantages in early diagnosis in 
terms of ease of reconstruction and the impor- 
tance of a family predisposition as an etiologic 
factor in young patients. Robins and Albom? 
theorized that recurrences of basal cell carcino- 
ma in young women may be extraordinarily 
common because of concerns regarding legal 
repercussions, cosmesis, and the tendency for 


physicians to minimize the dangers of basal cell 
carcinoma. 

Basal cell nevus syndrome is an autosomal 
dominant disorder with incomplete pene- 
trance. Affected individuals develop numerous 
basal cell carcinomas throughout their lifetime. 
The syndrome is a multisystem disease” with 
skin, jaw, skeletal, and central nervous system 
abnormalities. The clinical expression of the 
disease is highly variable. Skin lesions consist 
of basal cell carcinomas that may be present at 
birth or anytime thereafter. Usually the lesions 
are numerous with a marked tendency for the 
face, especially the eyelids, periorbital area, 
nose, upper lip, and cheeks. Any variety of 
basal cell carcinoma may be present including 
nodular, pigmented, morpheaform, or ulcerat- 
ed types. Some patients may have hundreds of 
basal cell carcinomas present in a lifetime. An 
unusual erythematous pitting of the palms of 
the hands and soles of the feet is a distinguish- 
ing feature of the disease seen in more than half 
of the patients with basal cell nevus syn- 
drome.” 

Jaw, skeletal, and central nervous defects 
may be seen. Both the mandible and maxilla 
may show cystic defects by x-ray, present in 
Cases 5 and 10 (Fig. 3). Patients may complain 
of jaw pain and tenderness. Numerous skeletal 
defects are detected by x-ray including spina 
bifida, deformed ribs, scoliosis, and kyphosis. 
Central nervous system defects include calcifi- 
cations sometimes with associated mental 
problems. A variety of other cysts and x-ray 
defects may be seen.” 

All 13 patients described in this report had 
basal cell nevus syndrome. In young patients 
with multiple basal cell carcinomas, or a strong 
family history of basal cell carcinoma, other 





Fig. 3 (Nerad and Whitaker). Maxillary dental cyst 
in Patient 5 with basal cell nevus syndrome. 
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Fig. 4 (Nerad and Whitaker). Top left, Large medial canthal basal cell carcinoma with raised borders and 


telangiectasia, before Mohs’ excision; top right, after Mohs’ excision; bottom left, myocutaneous advancement 
flap; bottom right, final result after reconstruction, following Y to V medial canthoplasty and scar revision. 


physical or historical evidence of basal cell 
nevus syndrome such as dental cysts or palmar 
pits should be sought out. 

Our report describes features related to the 
characteristics of the patient and tumor that 
may be helpful in identifying young persons 
with basal cell carcinoma. Upon an analysis of 
the young patients with basal cell carcinoma of 
the periorbital area two groups become appar- 
ent. The first group (a total of eight) were those 
patients with no history of basal cell carcinoma, 
no family history of basal cell carcinoma, and 
generally a light colored complexion and hair 


suggesting susceptibility to ultraviolet light in- 
jury. The second group (three patients) includ- 
ed those patients with either multiple skin 
tumors, or a family history of many relatives 
with basal cell carcinoma. In this series, proba- 
bly coincidentally, all three of these patients 
tended to have dark hair and complexion. 
These patients were either known to have basal 
cell nevus syndrome or were discovered to 
have basal cell nevus syndrome. Two patients 
did not fit into either group as they had dark 
hair and normal skin tone, but no history of 
basal cell nevus syndrome. 
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The second group of young adults with basal 
cell carcinoma had single lesions, were often 
fair skinned with light hair and blue eyes, and 
had no family history of basal cell carcinoma. 
Eight of ten patients without basal cell nevus 
syndrome were fair skinned. Three patients 
had a family history of basal cell carcinoma. 
None of these patients had previous basal cell 
carcinoma. The presence of the light complex- 
ion suggests a sensitivity to sunlight. No pa- 
tients experienced excessive sun exposure by 
history or by work-related activities (though 
ultraviolet exposure is difficult to quantitate by 
history). Although the referral area contains a 
significant percentage of Scandinavian families 
the presence of fair skinned young persons 
with basal cell carcinoma outnumbered the nor- 
mal percentage of fair skinned young persons 
seen in the eye clinic for other problems. 

The tumors seen in our patients generally 
were not like the typical dome-shaped pearly 
tumor with an umbilicated center. Often only 
an area of erythema with scaling was present. 
The lesions were often ignored for several 
years, averaging 4.3 years. Murray and Can- 
non? reported an average lapse of 6.1 years 
from the onset of disease to establishment of a 


tissue diagnosis in children and young adults. 
In only nine of 45 young patients with basal cell 
carcinoma was the diagnosis made and treat- 
ment instituted promptly. Cobb, Thompson, 
and Aht” studying patients of all ages, found 
an average duration before treatment between 
six and 24 months. Breed,” again reporting on 
basal cell carcinoma of all ages, stated that the 
average duration was 18 months. These studies 
suggest that the delayed diagnosis in young 
people with basal cell carcinoma may be longer 
than in older patients. This delay in diagnosis 
and treatment may be secondary to the unwill- 
ingness of both patients and physicians to be- 
lieve that basal cell carcinoma can occur in 
younger patients. The generally benign, and 
often atypical appearance of these basal cell 
carcinomas may contribute to this delay. 

As is often the case with basal cell carcinoma 
the area of clinical size is much smaller than the 
area required for complete excision, in our 
cases averaging 5.4 times as large an area after 
excision. This ratio is high by virtue of the 
many morpheaform lesions with indistinct 
boundaries seen in this group of patients. This 
suggests wide margins of excision were consid- 
ered at the time of removal. The tumors oc- 








Fig. 5 (Nerad and Whitaker). Top left, Lower eyelid 
and lateral canthal basal cell carcinoma, before 
Mohs’ excision; top right, after Mohs’ excision; bot- 
tom left, after reconstruction with Hughes’ tarsocon- 
junctival flap and anterior lamellar advancement, 
blunting of lateral canthus is present. 
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curred predominantly on the lower eyelid 
(seven of 15 cases) and the medial canthus (six 
of 15 cases). These numbers differ slightly with 
those of others studying basal cell carcinoma of 
the eyelids in all age groups. Aurora and Blodi! 
reported that the lower eyelid was the site of 
predilection and accounted for 65.6% of cases 
in 172 tumors studied. The medial canthus was 
affected in only 16.7% of cases. Payne and 
associates” reported that the lower eyelid was 
involved in 51.2% cases of 264 eyelid carcino- 
mas. The medial canthus was affected in only 
24.2% of cases. The high percentage of tumors 
in the medial canthus in this series may not be 
Statistically significant because of the small 
sample size. 

Tumors were removed by Mohs’ micrograph- 
ic surgery, which insures free surgical margin 
before reconstruction. Reconstruction was per- 
formed by standard techniques, most common- 
ly using myocutaneous advancement flaps (Fig. 
4) for anterior lamellae. Despite relatively tight 
skin in these younger patients advancements 
could be performed in even larger tumors. Skin 
grafting in addition to flap advancement was 
necessary in only one patient. Posterior lamel- 
lar reconstruction was required in only two 
patients. A standard tarsoconjunctival flap was 
used in one patient (Fig. 5) and periosteal strips 
in one patient. 
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Visual Results With Low-Vision Aids in Age-Related 


Macular Degeneration 








Fadi P. Nasrallah, M.D., Alex E. Jalkh, M.D., Gerald R. Friedman, O.D., 
Clement L. Trempe, M.D., J. Wallace McMeel, M.D., 
and Charles L. Schepens, M.D. 


We reviewed the records of 61 patients with 
age-related macular degeneration who had an 
exudative or a dry macular scar and who had 
received low-vision rehabilitation. Exudative 
scars resulted from the natural course of sub- 
retinal new vessels, and dry scars from suc- 
cessful photocoagulation to the new vessels. 
Low-vision aids consisted of high-power posi- 
tive lenses. Eyes were divided into three 
groups according to their distance visual acu- 
ity before using low-vision aids: Group 1, 
20/100; Group 2, 20/200 to 20/300; and Group 
3, 20/400 or poorer. The print size resolution 
on the Rosenbaum pocket vision screener and 
power of the low-vision aid in each group were 
compared for the eyes having exudative scars 
and those with dry photocoagulation scars. In 
Groups 2 and 3, eyes with dry macular scars 
reached a similar resolution of print size but 
with significantly (P < .01) lower-power visual 
aids than eyes with exudative macular scars. In 
Group 1, eyes with dry macular scars achieved 
a better print size resolution using significant- 
ly (P < .01) lower-power visual aids than eyes 
with exudative scars. 


AGE-RELATED MACULAR degeneration is a 
major cause of blindness among patients in the 
sixth or seventh decade,'” with loss of vision 
resulting from either an exudative subretinal 
fibrovascular scar or an atrophic process in- 
volving the retinal pigment epithelium and 
choriocapillaris in the macula. Fibrovascular 
scarring results from new vessels that originate 
from the choriocapillaris and invade the subep- 
ithelial space,* where they ultimately organize 
into an exudative fibrovascular scar. 

To prevent this, we used photocoagulation to 
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close subretinal new vessels and produce a dry 
scar. In age-related macular degeneration, 
photocoagulation has been shown to be of defi- 
nite benefit when the new vessels are located 
200 pm or more from the center of the foveal 
avascular zone.’ Although treating new vessels 
within the foveal avascular zone is controver- 
sial, some reports have demonstrated its bene- 
fits"? 

We undertook this study to compare the visu- 
al results with low-vision aids in eyes with dry 
macular scars secondary to photocoagulation 
of subretinal new vessels involving the foveal 
avascular zone to those in eyes with exudative 
macular scars resulting from the natural course 
of subretinal new vessels involving the foveal 
avascular zone. 





Patients and Methods 





We reviewed the records of 61 patients who 
had a low-vision evaluation between 1980 and 
1985 because of bilateral visual loss caused by 
age-related macular degeneration. The eye 
with better distance visual acuity was used for 
the evaluation. The eyes considered for low- 
vision evaluation had a dry photocoagulation 
scar or an exudative fibrovascular scar involv- 
ing the entire macular area (a macular scar). 
Dry macular scars resulted from successfully 
photocoagulated neovascular membranes and 
exudative scars from the natural course of sub- 
retinal neovascularization. A photocoagulation 
scar was considered dry when the retina and 
the retinal pigment epithelium were flat as seen 
by biomicroscopy or stereoscopic color photog- 
raphy (Fig. 1, left) and when fluorescein angi- 
ography showed no leakage (Fig. 1, right). All 
treated eyes had a distance visual acuity of 
20/70 or poorer before treatment and a well- 
documented central scotoma. A scar was exu- 
dative when it was associated with a serous 
elevation of the retina (Fig. 2, left) and showed 
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Fig. 1 (Nasrallah and associates). Left, Fundus photograph of left eye of patient with a dry photocoagulation 
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ye: 


scar. Right, Late-phase (10 minutes) angiogram of same eye showing staining of the scar but no leakage. 


leakage by fluorescein angiography (Fig. 2, 
right). A central scotoma was also documented 
in these eyes. 

Eyes with myopia greater than 6 diopters, 
glaucoma, cataract, diabetic retinopathy, or 
other disease affecting the optic nerve or macu- 
la were excluded. 

Best-corrected distance visual acuity was 
measured at each visit by the same examiner 
using the American Medical Association rating 
chart at a distance of ten feet or, when neces- 
sary, five feet. For near vision, low-vision aids 
consisted of high-power positive aspheric lens- 





Fig. 2 (Nasrallah and associates). Left, Fundus photograph of left eye of patient with an exudative 


es mounted on a spectacle frame. Lens power 
ranged from +8 to +40 diopters. The high- 
power lens was fitted to the eye with better 
visual acuity. A plano lens was mounted in 
front of the other eye. Near visual potential 
was assessed using the Rosenbaum pocket vi- 
sion screener held at the most comfortable 
distance, and the adequate visual aid was pre- 
scribed when the best possible print size reso- 
lution was obtained. The print size resolved 
with low-vision aids and the power of the aid 
used were recorded. The print size resolved 
was recorded as “points,” from the Rosenbaum 





fibrovascular scar secondary to untreated subretinal new vessels. Right, Late-phase (10 minutes) angiogram of 


same patient showing extensive leakage. 
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pocket vision screener (the smaller the print 
size the lower the point value), and the power 
of the aid as diopters. All patients had a stable 
distance visual acuity and had been using their 
low-vision aids for at least six months. In eyes 
that had been photocoagulated, the last treat- 
ment was at least four months before the first 
low-vision evaluation. 

The eyes were divided into three groups 
according to their distance visual acuity with- 
out the use of low-vision aids: Group 1, 20/100; 
Group 2, 20/200 to 20/300; and Group 3, 20/400 
or poorer. Using a chi-square test, the final 
print size resolution on the Rosenbaum pocket 
vision screener and visual aid powers were 
compared in each group for eyes with exuda- 
tive scars and those with dry scars. 

Better visual results using low-vision aids 
were defined as similar or better print size 
resolution achieved with a lower-power visual 
aid. 





Results 





Group 1 consisted of seven eyes with exuda- 
tive scars and nine eyes with dry photocoagula- 
tion scars. Of the former, two reached the 
four-point level of print size resolution (20/25) 
with a 16-diopter aid, two reached the five- 
point level (20/30) with a 20-diopter aid, and 
three reached the five-point level (20/30) with a 
24-diopter aid. Of the latter, four reached the 
four-point level (20/25) with an 8-diopter aid, 
three reached the four-point level (20/25) witha 
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(points) 8 
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12-diopter aid, one reached the four-point level 
(20/25) with a 16-diopter aid, and one reached 
the five-point level (20/30) with a 20-diopter aid 
(Fig. 3). When the print size resolution was 
compared between eyes with exudative macu- 
lar scars and eyes with dry macular scars using 
a chi-square test, the difference was significant 
(P < .01). Eyes with dry scars had a better print 
size resolution than eyes with exudative scars. 
When the power of the visual aids used was 
compared between the two types of macular 
scars using a chi-square test, the difference was 
significant (P < .01). Eyes with dry scars used 
lower-power aids than eyes with exudative 
scars. 

Group 2 consisted of ten eyes with exudative 
scars and nine eyes with dry photocoagulation 
scars. Of the former, one reached the five-point 
level of print size resolution (20/30) with a 
24-diopter aid, five reached the five-point level 
(20/30) with a 32-diopter aid, and four reached 
the six-point level (20/40) with a 32-diopter aid. 
Of the latter, one reached the four-point level 
(20/25) of print size resolution with a 16-diopter 
aid, one reached the five-point level (20/30) 
with a 12-diopter aid, two reached the four- 
point level (20/25) with a 16-diopter aid, one 
reached the five-point level (20/30) with a 20- 
diopter aid, one reached the five-point level 
(20/30) with a 24-diopter aid, two reached the 
six-point level (20/40) with a 20-diopter aid, 
and one reached the six-point level (20/40) with 
a 24-diopter aid (Fig. 4). When the print size 
resolution was compared between the two 
types of macular scars using a chi-square test, 
the difference was not statistically significant. 


o Exudative 
e Dry with treatment 


Fig. 3 (Nasrallah and asso- 
ciates). Visual results with 
low-vision aids in Group 1 
eyes. 
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However, when the magnification used was 
compared, the difference was significant (P < 
.01). Eyes with dry scars used a significantly 
lower-power visual aid than those with exuda- 
tive scars. 

Group 3 consisted of 16 eyes with exudative 
scars and ten eyes with dry photocoagulation 
scars. Of the former, three reached the five- 
point level of print size resolution (20/30) witha 
32-diopter aid, two reached the six-point level 
(20/40) with a 32-diopter aid, three reached the 
eight-point level (20/50) with a 24-diopter aid, 
and eight reached the eight-point level (20/50) 
with a 40-diopter aid. Of the latter, two reached 
the four-point level (20/25) with a 24-diopter 
aid, three reached the five-point level (20/30) 
with a 20-diopter aid, one reached the five- 
point level (20/30) with a 32-diopter aid, and 
four reached the six-point level (20/40) with a 
20-diopter aid (Fig. 5). When the print size 
resolution was compared between the two 
types of macular scars using a chi-square test, 
the difference was not significant. However, 
when the power of the visual aid was com- 
pared, the difference was significant (P < .01). 
The eyes with dry scars used a lower-power 
visual aid than those with exudative scars. 





Discussion 





Low-vision aids are particularly helpful in 
patients with macular diseases who have lost 
central vision. The aids enlarge the image on 
the patient’s retina and place more details of 
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the object on more peripheral, eccentric, unaf- 
fected retinal areas. The magnification also im- 
proves the resolution of the details of the object 
in that less sensitive part of the retina. It is 
expected that the smaller and more localized 
the lesion in the macula and the better the 
function of the retina surrounding the lesion, 
the better this improvement can be. Our results 
have shown that for the same level of distance 
visual acuity, patients with dry scars have sig- 
nificantly better visual results using low-vision 
aids than do patients with exudative scars. In 
Groups 2 and 3, patients with dry macular scars 
used lower-power visual aids than those with 
exudative scars to achieve the same level of 
print size resolution, and in Group 1 a better 
print size resolution was achieved in patients 
with dry scars than those with exudative scars 
using lower-power visual aids. In each group, it 
was logical to consider the visual results better 
when a similar print size resolution was 
achieved with a lower-power visual aid because 
the quality of vision in such cases is better. The 
patient can hold the print at a more convenient 
distance, the field of vision is larger, optical 
aberrations associated with higher-power aids 
are reduced, and adaptation time is reduced. 
Our findings can be attributed to the status of 
the retina at the edge of a macular scar. Ina dry 
scar, the adjacent retina is flat and therefore 
more functional than the retina surrounding an 
exudative scar, which is usually detached. In 
our study, we considered print size resolution 
on the Rosenbaum pocket vision screener rath- 
er than distance visual acuity because the visu- 
al aids for near tasks were used more consist- 


o Exudative 
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Fig. 4 (Nasrallah and asso- 
ciates). Visual results with 
low-vision aids in Group 2 
eyes. 
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ently by the patients and therefore allowed for 
better documentation and analysis. 

The most important drawback of this study is 
its retrospective nature. However, our results 
strongly suggest that dry macular scars are 
associated with better functional results using 
low-vision aids than are exudative macular 
scars. This can be an important consideration 
in eyes with age-related macular degeneration 
associated with subretinal neovascularization 
in the macula, and particularly in the fovea, 
since macular photocoagulation to subretinal 
new vessels outside? or within®* the foveal 
avascular zone aids in achieving a dry scar. 
However, photocoagulation of subfoveal new 
vessels still must be approached cautiously, 
awaiting the results of its investigation by the 
Macular Photocoagulation Study Group. 
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Comparison of Acridine Orange and Gram Stains in 


Bacterial Keratitis 
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and Kirk R. Wilhelmus, M.D. 


We assessed the comparative sensitivities of 
acridine orange and Gram stains in the exami- 
nation of corneal scrapings using an experi- 
mental model of Pseudomonas aeruginosa ker- 
atitis. Acridine orange was more sensitive 
than Gram stain, requiring concentrations of 
about 10‘ colony-forming units/mg of corneal 
tissue compared to approximately 10° colony- 
forming units/mg. Our clinical experience 
with 21 consecutive cases of suspected micro- 
bial keratitis showed a similar diagnostic ac- 
curacy of acridine orange and Gram stain. 
Acridine orange accurately predicted culture 
results in 15 of 21 specimens (71%) compared 
to a diagnostic accuracy of 62% (13 of 21 speci- 
mens) for Gram stain. 


GRAM STAINING is a rapid and reliable diag- 
nostic test to screen corneal scrapings for sus- 
pected microbial keratitis.! Responsible micro- 
organisms are correctly identified in 64% of 
cases of bacterial or fungal keratitis. However, 
Gram staining, originally developed for detect- 
ing pneumococci, is most useful for identifying 
gram-positive microorganisms and can be time- 
consuming when only a few bacteria are pres- 
ent on the smear. Because acridine orange has 
the potential advantage of facilitating microbial 
detection, we compared the sensitivities of 
these two staining methods in an animal model 
of experimental bacterial keratitis and assessed 
their relative accuracies in screening clinical 
specimens of corneal scrapings. 
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Material and Methods 





Animal study—A human corneal isolate of 
Pseudomonas aeruginosa was grown in brain- 
heart infusion broth for 18 hours. Purity of the 
culture was assessed by streaking onto horse 
blood agar plates. A second transfer was per- 
formed in brain-heart infusion broth and incu- 
bated at 35 C for 18 hours. The culture was 
washed with phosphate-buffered saline (pH 
7.0) and diluted to 10° colony-forming units/ml. 
After administration of topical 2% lidocaine 
and general anesthesia (acepromazine: 
ketamine:xylazine, 1:3:3; 0.5 to 1.0 ml/kg of 
body weight), the left central corneas of 20 2-kg 
New Zealand white male rabbits were injected 
intrastromally with a 0.1-ml suspension of P. 
aeruginosa containing a concentration of 1 x 10! 
colony-forming units/ml. Five rabbits each 
were killed at four, eight, 11, and 14 hours after 
inoculation. The corneal infiltrate of each rabbit 
was scraped with a Kimura spatula and smears 
were prepared. One slide was stained with 
Gram stain and one with acridine orange. Each 
cornea was then excised, rinsed in sterile 
phosphate-buffered saline, and processed for 
quantitative bacterial cultures. 

Smears were fixed in 95% methanol for five 
minutes and separately stained by Gram and 
acridine orange stains. Gram staining was done 
by a standard three-minute method. The acri- 
dine orange stain was performed by flooding 
the smear with acridine orange, 100 mg/l (pH 
3.5), for two minutes. The slide was then rinsed 
briefly in tap water, allowed to air dry, and 
examined with an epifluorescence microscope 
using a BG12 exciter filter and barrier filter 44. 
Smears were examined in a masked fashion by 
a single observer. A smear was considered 
positive if at least two bacteria per smear were 
seen. 

Clinical study—One smear from 21 consecu- 
tive human cases of suspected microbial kerati- 
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TABLE 1 
COMPARATIVE SENSITIVITIES OF ACRIDINE ORANGE 
AND GRAM STAINS IN EXPERIMENTAL P. AERUGINOSA 
KERATITIS 





NO. OF SPECIMENS IDENTIFIED 
AFTER INOCULATION (N=5) 


TEST 4 HRS 8 HRS 11 HRS 14 HRS 
Acridine orange 5 5 5 5 
Gram stain 3 5 5 5 


Culture (mean 1.2 x 10* 5.8 x 10° 1.0 x 10° 9.0 x 105 
colony-forming 
units/mg of 


corneal tissue) 





tis was stained with acridine orange as de- 
scribed above. After slide examination, each 
slide was restained with the Gram staining 
method. Smear results were compared with 
microbial growth on horse blood agar, choco- 
late agar, thiol broth, and Brucella-blood agar. 
Results were analyzed by using the chi-square 
test. 





Results 








In infected rabbit corneas acridine orange 
detected organisms four hours after inocula- 
tion when quantitative cultures showed a mean 
concentration of 1.2 x 10* colony-forming 
units/mg of corneal tissue (Table 1). Gram 
stains were consistently positive eight hours 
after inoculation at a mean concentration of 
5.8 x 10° colony-forming units/mg of corneal 
tissue. 

In the 21 consecutive human cases of sus- 
pected bacterial keratitis, acridine orange was 
accurate in 15 (71%) and Gram stain was correct 


in 13 (62%) compared to culture results (P > .5) 
(Table 2). 





Discussion 





Acridine orange, first synthesized in 1889, is 
a diphenylmethane derivative initially used in 
the textile industry. After the 1911 invention of 
the fluorescence microscope, Strugger intro- 
duced this basic dye into cytopathology in 
1940, noting an unusual relationship between 
staining effects and pH.* When used to stain 
living cells, the nuclei fluoresce green as the pH 
is raised, whereas dead cells stain red-orange. 
Optical activity is apparently related to partial 
untwisting of native, helical DNA, but not 
denatured, coiled DNA, with intercalation of 
acridine orange between neighboring base 
pairs to form a green-fluorescing complex.‘ 
Metachromatic changes also occur with acid 
mucopolysaccharide and nucleotide content. 
For example, using living cells and appropriate 
staining conditions of pH and dye concentra- 
tion, cell nuclei containing DNA generally fluo- 
resce green while RNA-containing cytoplasm 
stains red-orange as a result of molecular differ- 
ences between the nucleic acids.° 

Changing the pH of the buffer can affect the 
staining characteristics. Cytopathologists have 
used acridine orange at neutral pH to stain 
selectively nonviable cells orange and viable 
cells green. 

Kronvall and Myhre® used the pH depen- 
dence of acridine orange to develop a staining 
method that would give bacteria a uniform 
color against a contrasting background. With 
an acidic buffer, acridine orange results in or- 
ange fluorescence of bacteria and green-yellow 
fluorescence of human cells and background 
material. These investigators suggested that 


TABLE 2 
COMPARATIVE ACCURACIES OF ACRIDINE ORANGE AND GRAM STAINS IN HUMAN BACTERIAL KERATITIS 


——ucrKeeO-eeeee———— 








FREQUENCY ACCURACY 
ACRIDINE ORANGE GRAM ACRIDINE ORANGE GRAM 
NO. POSITIVE! NO. POSITIVE/ NO. CORRECT, NO. CORRECT) 
OBSERVATION TOTAL (%) TOTAL (%) TOTAL (%) TOTAL (%) 
No organisms 5/21 (24) 5/21 (24) 2/5 (40) 2/5 (40) 
Organisms 16/21 (76) 16/21 (76) 13/16 (81) 11/16 (69) 
Total 21/21 (100) 21/21 (100) 15/21 (71) 13/21 (62) 


< Correct 
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acridine orange at low pH is potentially superi- 
or to Gram staining because of this striking 
differential staining effect. 

Using this technique, Lauer, Reller, and 
Mirrett? showed that compared to the Gram 
stain, acridine orange is equally specific and 
more sensitive in detecting microorganisms. 
Acridine orange detected smears made with 
2 x 10' colony-forming units/ml (100 bacteria 
per smear), whereas Gram staining required 1 
x 10° colony-forming units/ml (10,000 bacteria 
per smear). Acridine orange is now recom- 
mended for the detection of microorganisms in 
blood cultures and other clinical specimens.*"’ 

We suspected that acridine orange at a low 
pH would be useful in the analysis of corneal 
scrapings, especially when minimal material 
was available. Using quantitative bacterial cul- 
tures of excised corneas in an animal model of 
P. aeruginosa keratitis, we found that the 
threshold level of bacteria required to produce 
a positive smear of corneal scrapings by acri- 
dine orange was about 10,000 colony-forming 
units/mg of corneal tissue, nearly tenfold less 
than that needed for consistently positive 
Gram-stained smears. 

Our clinical experience with suspected mi- 
crobial keratitis also showed the complementa- 
ry role of acridine orange staining: 71% of 
smears were correctly interpreted with acridine 
orange compared with 62% using Gram stain- 
ing. Genvert and associates" similarly demon- 
strated the respective uses of acridine orange 
and Gram stains in evaluating cases of microbi- 
al keratitis. 
interpretation of Gram-stained 
smears involves an awareness of possible stain- 
ing artifacts. Acridine orange staining is easier 
to interpret because of the clear differences 
between orange-stained microorganisms and 
the dark background with green cells and tis- 
sue debris. Occasionally, granules from disin- 
tegrating leukocytes appear faint yellow- 
orange, and the intensity of staining tends to 
fade with time. Smears should be examined 
soon after initial staining, preferably with a 
small diaphragm opening. 

Chemofluorescent dyes such as acridine or- 
ange complement the Gram stain. We now 
routinely perform acridine orange staining to 
screen smears of corneal scrapings and intraoc- 
ular fluids. Gram staining can subsequently be 


done directly on the acridine orange-stained 
smear. While the need for a fluorescence micro- 
scope limits routine use in office practice, we 
recommend acridine orange staining as a sim- 
ple, rapid microscopic test for suspected micro- 
bial keratitis. 
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Toxoplasmic Retinochoroiditis as an Emerging Problem in AIDS Patients 


Ronald E. Smith 


In this issue, Holland and colleagues de- 
scribe the clinical and histopathologic features 
of ocular toxoplasmosis in AIDS patients. 
While systemic toxoplasmosis is an important 
cause of central nervous system morbidity and 
mortality in AIDS patients,'” its importance as 
a cause of infectious retinitis has been over- 
shadowed by the more frequently encountered 
cytomegalovirus retinitis.** Although the inci- 
dence of toxoplasmic retinochoroiditis in AIDS 
patients is much lower than that of cytomegalo- 
virus retinitis, it is important for the ophthal- 
mologist to differentiate between these two 
conditions since therapy is quite different, and 
the report sent by the ophthalmologist to the 
referring internist will be crucial to manage- 
ment. An understanding of the various clinical 
patterns of ocular toxoplasmosis in AIDS pa- 
tients is therefore useful. Holland and col- 
leagues emphasize these differences in their 
article. 
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See also pp. 653 and 740. 





We generally assume that the usual case of 
toxoplasmic retinochoroiditis in otherwise 
healthy, immunocompetent adults is a reacti- 
vation of preexisting toxoplasmic chorioretinal 
scars caused by congenital infection. Patients 
with the typical episodes of recurrent toxoplas- 
mic retinochoroiditis are healthy and have pri- 
marily ocular disease at the time of their initial 
examination by an ophthalmologist. The clini- 
cal findings seem to be distinctly different than 
the toxoplasmic retinochoroiditis seen in AIDS 
patients. For example, the size of the retinocho- 
roiditis lesions is greater in patients with AIDS, 
which reflects the decreased ability of the host 
to contain the proliferation of organisms and 
the spread of retinitis. Toxoplasmic retinocho- 
roiditis in AIDS is probably acquired, although 
in some cases it also may result from pre- 
existing congenital retinochoroidal lesions. In 
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some instances, the acquired ocular and sys- 
temic toxoplasmosis may be an initial sign of 
acquired severe immunodeficiency. 

While it is relatively easy to make a clinical 
diagnosis of recurrent toxoplasmosis in the im- 
munocompetent adult, based on the observa- 
tion of scars and the satellite configuration of 
the active retinitis, it can be much more diffi- 
cult to diagnose active toxoplasmic retinocho- 
roiditis in AIDS patients, which may be con- 
fused with variants of cytomegalovirus 
retinitis, syphilitic infections, herpes simplex 
or herpes zoster retinitis, and acute retinal 
necrosis. Any opportunistic infection in AIDS 
patients could conceivably also cause retinitis 
or retinochoroiditis, so it will tax the diagnostic 
skills of the ophthalmologist to focus the differ- 
ential diagnosis on the possibility of toxoplas- 
mic retinochoroiditis. Just considering this pos- 
sibility is a most important first step, which 
then leads to considering serologic tests and 
attempts to culture the organism from various 
sources (for example, nodes). The correct diag- 
nosis of toxoplasmic retinochoroiditis is impor- 
tant since therapy for systemic and ocular toxo- 
plasmosis is different from that of systemic and 
ocular cytomegalovirus infection and other 
causes of infectious retinitis in AIDS patients. 

Even if a diagnosis of toxoplasmic retinitis is 
suspected, there is always the possibility of 
mixed infections, which are not unusual in 
AIDS patients. Simultaneous infection of the 
same central nervous system cells with Toxo- 
plasma gondii and cytomegalovirus has been 
reported and such combinations must be con- 
sidered in examining AIDS patients."® 

Histopathologically, AIDS patients with tox- 
oplasmic retinochoroiditis have a more diffuse 
coagulative necrosis of the retina with increas- 
ing numbers of encysted and free tachyzoites, 
and they lack a well-developed granulomatous 
choroiditis and significant inflammatory cell 
infiltration in the retina. Large numbers of 
viable cysts of T. gondii, admixed with few 
necrotic cysts, are seen in the necrotic retina. 
Ultrastructurally, the cysts of T. gondii contain 
varying numbers of crescent-shaped organ- 
isms. There is generally a lack of pre-existing 
chorioretinal scar formation, suggesting that 
these are acquired infections in immunosup- 
pressed adults with AIDS. 

Finally, response to therapy of recurrent tox- 
oplasmosis in immunocompetent adults is dif- 
ferent from that which we see in the AIDS 
patient with toxoplasmic retinochoroiditis. As 
pointed out by Holland and associates, the 
latter group of patients does not require sys- 
temic corticosteroids because the patients do 


not exhibit significant intraocular inflamma- 
tion. They are treated with a combination ther- 
apy of pyrimethamine and clindamycin. Obvi- 
ously, these patients would be treated for 
systemic toxoplasmosis as well. 

The article by Holland and coworkers alerts 
the consulting ophthalmologist to the clinical 
possibility of acquired ocular toxoplasmic reti- 
nochoroiditis in AIDS patients with retinitis. 
These patients almost certainly have underly- 
ing systemic toxoplasmosis and should be man- 
aged by an infectious disease specialist, but the 
role of the ophthalmologist is important in 
helping to differentiate between cytomegalovi- 
rus, toxoplasmosis, and other infectious agents 
that cause retinitis, which may be the initial 
manifestation of opportunistic infection in 
AIDS. 





Reprint requests to Ronald E. Smith, M.D., Doheny 
Eye Institute, 1355 San Pablo St., Los Angeles, CA 
90033. 
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Acute Unilateral Toxoplasmic 
lridocyclitis in an AIDS Patient 
Jose Ricardo Rehder, M.D., 


Miguel Burnier, Jr., M.D., 
Carlos Eduardo Pavesio, M.D., 


tense cell and flare anterior chamber reaction 


with fibrin and traces of blood (Fig. 1). No 
details of the iris, lens, or other intraocular 
structures could be observed. The intraocular 


pressure was 56 mm Hg. 
Results of laboratory studies showed three 
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M.K.K., A.M.N.P., and R.B.) and Pathology (M.B. 
and M.R.) and the Brazilian Registry of Ophthalmic 
Pathology (M.B. and M.R.), Escola Paulista de 


Medicina. Presented at the World Uveitis Symposi- 
um, Guaruja-Brazil, March 16, 1988. 


Inquiries to Jose Ricardo Rehder, M.D., Rua Tucuma 
189/92 CEP 01455, São Paulo, Brazil. 

Toxoplasmosis has traditionally been consid- 
ered a cause of posterior uveitis. We recently 
encountered Toxoplasma cysts in the iris of a 
patient with AIDS. 





See also pp. 653 and 738. 





A 39-year-old homosexual white man was 
first seen in November 1987 because of ocular 
pain, redness, and decreasing vision in the left 
eye. The patient had a weight loss of 10 kg in 
the previous month and had a history of sy- 
philis. 

On examination the right eye was normal. 
Visual acuity in the left eye was light projec- 
tion. The left eye disclosed intense palpebral 
edema, perilimbal vascular dilations, several 
granulomatous keratic precipitates, and an in- 





Fig. 1 (Rehder and associates). Slit-lamp biomicro- 
scopic photograph of left eye demonstrating acute 
iridocyclitis. 
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Fig. 2 (Rehder and associates). Iris stroma of the 
right eye showing a scanty inflammatory reaction 
and Toxoplasma gondii cysts (hematoxylin and eosin, 
x 400). 


consecutive positive ELISA tests for HIV, a 
positive Western blot analysis for HIV, a posi- 
tive FTA-ABS, a positive VDRL, a negative 
purified protein derivative, and a normal chest 
x-ray. The serum IgG antibody titer for toxo- 
plasmosis was 1/8,000, and there were no IgM 
anti-Toxoplasma antibodies. Computed tomog- 
raphy of the head disclosed areas of 
hypodensity in the white matter consistent 
with central nervous system toxoplasmosis. 

A diagnosis of acute unilateral granuloma- 
tous anterior uveitis was made and the follow- 
ing differential diagnosis was considered: 
syphilis, tuberculosis, endogenous endoph- 
thalmitis, and a syndrome that was not primar- 
ily inflammatory but that caused a secondary 
intraocular inflammation. Despite antiglauco- 
matous and anti-inflammatory therapy there 
was no improvement. A trabeculectomy was 
performed for diagnostic and therapeutic pur- 
poses. The patient died one month later. 

The histopathologic findings at autopsy in- 
cluded a scanty mononuclear inflammatory in- 
filtrate in the iris stroma and several toxoplas- 
mic cysts. There was no granulomatous 
inflammation (Fig. 2). Toxoplasma cysts were not 
observed in the anterior chamber. The retina 
was normal. There was no evidence of retino- 
choroiditis.' The sequential histopathologic 
study did not show retinal cysts. 

Toxoplasmosis as a cause of anterior uveitis, 
with no concomitant posterior pole involve- 
ment, must be considered, particular in pa- 
tients with AIDS. 
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Pattern Dystrophy of the Retinal 
Pigment Epithelium in a Patient With 
McArdle’s Disease 


Nicholas J. Leonardy, M.D., 
Robert L. Harbin, M.D., 
and Paul Sternberg, Jr., M.D. 


Department of Ophthalmology, Emory University 
School of Medicine. 


Inquiries to Paul Sternberg, Jr., M.D., Emory Eye Cen- 
ter, 1327 Clifton Rd., N.E., Atlanta, GA 30322. 

McArdle’s disease is a rare glycogen storage 
disease (type V) in which a deficiency of myo- 
phosphorylase inhibits the ability of muscle to 
use its stored glycogen.' We recently examined 
a patient with McArdle’s disease who also had 
a pattern retinal dystrophy. 

The patient, a 39-year-old white man with 
McArdle’s disease, complained of decreased 
vision in areas of poor illumination. He had no 
family history of ophthalmic disease. Visual 
acuity was 20/20 in both eyes with normal color 
vision. Amsler grid disclosed metamorphopsia 
in both eyes. Ophthalmoscopy demonstrated 
bilateral macular lesions with focal areas of 
hyperpigmentation surrounded by a thin rim of 
hypopigmentation (Fig. 1); comparison with 
color photographs from two years earlier sug- 
gested that there had been some resolution of 
deposited material with resultant loss of pig- 
ment epithelial cells. The retinal periphery in 
both eyes showed irregular reticular pigmen- 
tary changes. On fluorescein angiography, the 
macular lesions were hypofluorescent spots 
surrounded by irregular, thin rings of hyperflu- 
orescence that appeared early in the transit 
phase (Fig. 2) and were consistent with the 
hypopigmented areas seen clinically. The pig- 
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Fig. 1 (Leonardy, Harbin, and Sternberg). Fluores- 
cein angiography of right eye demonstrates hypo- 
fluorescent macular lesions surrounded by thin, ir- 
regular rings of hyperfluorescence. 


mented peripheral lesions were hypofluo- 
rescent with surrounding hyperfluorescence; 
these lesions were contiguous in some areas of 
the fundus. An electroretinogram was normal 
but an electro-oculogram had decreased ampli- 
tudes bilaterally. The patient’s parents and 
siblings all had normal results from ocular ex- 
aminations. 

Manifestations of McArdle’s disease are di- 
rect results of deficient myophosphorylase 
function. Without this enzyme, the glycogenol- 
ysis pathway cannot adequately provide ener- 
gy in the form of adenosine triphosphate for 
the maintenance of strenuous activity. Thus, 
patients with this disorder have painful muscle 
cramps and fatigue induced by exercise. Labo- 
ratory studies disclose the absence of the rise in 
venous lactate, the end product of glycogenoly- 
sis, which normally accompanies exercise; 
muscle biopsy demonstrates abnormally high 
glycogen storage and the deficiency of phos- 
phorylase activity. This disorder is inherited by 
an autosomal recessive mechanism. The only 
reported ophthalmic manifestations of 
McArdle’s disease are epiphora and ectropion 
thought to be a result of myophosphorylase 
deficiency in the orbicularis oculi muscle.? 

It is unlikely that the pattern dystrophy seen 
in this patient represents a direct manifestation 
of McArdle’s disease because myophosphory- 
lase is located in muscle and has no known 
function in the retinal pigment epithelium. 
Since the gene that codes for human myophos- 
phorylase is located on chromosome 11,’ per- 
haps the genetic defect that results in myo- 
phosphorylase deficiency can affect a different, 
but nearby, genetic locus that codes for some 
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aspect of retinal pigment epithelial cell func- 
tion, leading to the appearance of a pattern 
dystrophy. Identification of genetic defects as- 
sociated with retinal pigment epithelial disease 
may increase our understanding of the genetic 
basis for normal retinal pigment epithelial cell 
function, as well as aiding in genetic counsel- 
ing and possible genetic engineering for pa- 
tients with dystrophies related to retinal pig- 
ment epithelial dysfunction. 
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Calcifications in Coats’ Disease 


Jacob Pe’er, M.D. 


Department of Ophthalmology, Hadassah Univer- 
sity. 


Inquiries to Jacob Pe'er, M.D., Department of Ophthal- 
mology, Hadassah University Hospital, P.O. Box 12000, 
91120 Jerusalem, Israel. 

Coats’ disease is one of the main causes of 
leukokoria in children, and as such, is one of 
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the major conditions in the differential diagno- 
sis of retinoblastoma. 

The presence of calcifications in eyes suspect- 
ed for retinoblastoma is considered to be virtu- 
ally diagnostic for retinoblastoma, especially in 
patients under 3 years of age. Some authors 
claim that retinoblastoma-simulating lesions in 
this age group do not contain calcifications.’ 

In their histologic review of Coats’ disease, 
Chang, McLean, and Merritt? described fibrous 
submacular nodules at the posterior pole that 
occasionally were partially calcified or ossified. 
They believed their origin was in the retinal 
pigment epithelium. 

In this patient an eye with Coats’ disease 
containing calcifications was enucleated be- 
cause of suspicion of retinoblastoma. 

A 12-year-old boy was brought to our clinic 
in Nakuru, Kenya. The child had a white pupil 
in his right eye, which was noticed by his 
mother a few weeks before their visit. Examina- 
tion disclosed a right eye of normal size with a 
moderately shallow anterior chamber and non- 
reacting white pupil. The left eye was normal. 
Ophthalmoscopic examination of the right eye 
showed total high retinal detachment with yel- 
low exudates and telangiectatic vessels in the 
retina. The possibility of Coats’ disease was 
raised and x-ray of the orbits was performed to 
rule out retinoblastoma. Surprisingly, we 
found obvious calcifications. Because of the 
blind eye, the young age of the patient, and the 
presence of the calcifications, we decided to 
enucleate the eye. 

Gross pathologic examination showed a right 
firm eye of normal size with a white pupil. In 
dissecting the eye horizontally, total retinal 
detachment and crystals in the subretinal exu- 
date were seen. 

Microscopic examination showed an anterior 
chamber partially obliterated by peripheral 
anterior synechiae. The retina was completely 
detached, funnel shaped, disorganized, and 
with areas of gliosis. Peripheral telangiectasia 
and intraretinal exudation were found. The 
subretinal exudates contained macrophages 
and cholesterol clefts. Calcifications were seen 
in the detached disorganized retina. The optic 
nerve was atrophic. 

Retinoblastoma can sometimes be difficult to 
differentiate clinically from its simulating dis- 
eases; one differentiating factor is the presence 
of calcifications in x-ray or computed tomogra- 
phy in the majority of eyes with retinoblasto- 
ma.! We found obvious calcifications in the 
orbital x-ray of our patient. We did not have 
computed tomography or ultrasonography to 
strengthen our finding. The presence of calcifi- 


cations misled us and was a major factor in our 
decision to enucleate the eye. 

The calcifications in the eye of our patient 
were seen very clearly histologically and were 
compatible with the clinical finding. In contrast 
to the cases reported by Char, Hedges, and 
Norman,! the calcifications in this patient were 
in the center of the detached disorganized reti- 
na without any connection to the retinal pig- 
ment epithelium and without being surround- 
ed by hemorrhage. 

The significance of this case is that calcifica- 
tions can be found in Coats’ disease, even in 
very young patients. This possibility should be 
kept in mind while making a differential diag- 
nosis of leukokorias. 
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Iris Suture Hook for Pupillary 
Dilation in Vitreoretinal Surgery 


Daniel Madeira, M.D., 
and Walter H. Stern, M.D. 


Department of Ophthalmology, University of Cali- 
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Inquiries to Walter H. Stern, M.D., Department of Oph- 
thalmology, the University of California, San Francisco, K 
301, San Francisco, CA 94143- 0730. 

A widely dilated pupil is frequently required 
in vitreoretinal surgery for retinal detachment 
in which emphasis is placed on relief of periph- 
eral retinal traction as well as endolaser photo- 
coagulation of the peripheral retina. Several 
techniques have been described to achieve pu- 
pillary dilation during vitreous surgery includ- 
ing sphincterotomy or iridectomy, adding epi- 
nephrine to the infusion solution, and laser 
photomydriasis.'* Eckhardt‘ described a suture 
pupillary stretching technique that produces 
an intraoperative fixed, widely dilated pupil. 
We modified the technique and instrumenta- 
tion to facilitate the use of a variety of suture 
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Fig. 1 (Madeira and Stern). Suture hook illustrat- 
ing angled suture opening and tapered shaft. 


materials as well as to allow easier placement of 
the sutures in pseudophakic eyes. 

We designed a 23-gauge suture hook” with a 
side opening angled 30 degrees to the shaft 
(Fig. 1) to slide smoothly through the cornea 
and sclera. During vitrectomy, two scleroto- 
mies are created superotemporally and super- 
onasally in the usual manner, 3 to 3.5 mm 
posterior to the corneoscleral limbus. Two scle- 
rotomies are also created inferonasally and in- 
ferotemporally, 3 to 3.5 mm posterior to the 
corneoscleral limbus, in addition to the sclerot- 
omy required to place the infusion line. Four 
clear corneal incisions are made in the same 
four clock hours used to create the pars plana 
sclerotomies. A 9-0 nylon suture 5 inches in 
length with needles removed is grasped with 
vitreous forceps and introduced through the 
inferonasal pars plana incision and directed 
into the center of the pupil. The suture hook is 
directed through the superotemporal pars 
plana incision and the suture drawn out of the 
pars plana incision. The hook is then placed 
through the corneal incision superotemporally 
and the suture pulled through and tied (Fig. 2). 
A similar procedure is carried out infer- 
onasally. An additional two sutures are placed 
90 degrees away. If an anterior or posterior 
chamber lens is present, the suture hook can be 
directed through the corneal incision and be- 
tween the iris and lens, although some iris 
manipulation may be necessary. At the conclu- 
sion of surgery, the iris should be reposited 
with an iris spatula directed through the corne- 





“The suture hook is manufactured by Storz Instru- 
ment Co., St. Louis, Missouri. 








Fig. 2 (Madeira and Stern). Placement of pupillary 
dilating sutures using a vitreous forceps and suture 
hook. 


al wounds, otherwise permanent incarceration 
of iris in the corneal incisions may occur. A 
small amount of acetylcholine placed on the iris 
through the corneal incision is often helpful in 
repositioning the iris. 

The present technique differs from that origi- 
nally described by Eckhardt in three ways. 
First, a specific suture needle and suture mate- 
rial are not required since any suture may be 
grasped with the intraocular forceps and the 
suture hook. However, we have found 9-0 
nylon to be the most appropriate suture be- 
cause of its size, strength, and pliability. Sec- 
ond, the transpupillary suture is placed first 
through the pars plana, not the anterior cham- 
ber. This facilitates grasping the suture to com- 
plete the loop around the iris in the presence of 
an intraocular lens. Finally, the specially de- 
signed suture hook allows accurate grasping of 
the intraocular suture without the edge of the 
suture hook catching pars plana epithelium, 
vitreous base, or corneal tissue during retrac- 
tion of the hook. 

We have used this technique on 20 aphakic or 
pseudophakic eyes undergoing vitreous sur- 
gery for retinal detachment. The technique 
provides excellent visualization of the retinal 
periphery and prevention of pupillary constric- 
tion, particularly following fluid-gas exchange, 
which often complicates subsequent retinal 
endolaser photocoagulation. In all eyes with 
mobile pupils preoperatively, the pupils have 
retained their mobility and size postopera- 
tively. 


T 
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Anaphylaxis Following Oral 
Fluorescein Angiography 


Frank P. Kinsella, M.R.C.P.I., 
F.R.C.S.(Glasg.), 
and David J. Mooney, F.R.C.S. 


Research Unit of the Royal Victoria Eye and Ear 
Hospital, Dublin. 


Inquiries to Mr. Frank Kinsella, Royal Victoria Eye and 
Ear Hospital, Adelaide Road, Dublin 2, Ireland. 

For three days a 16-year-old boy had had 
blurred vision. He was referred for fluorescein 
angiography because his nasal optic disk mar- 
gins were blurred. Visual acuity in both eyes 
was 20/30 unaided, improving to 20/16 in both 
eyes with a —0.50 diopter sphere. Our opinion 
was that the disk appearance was caused by 
situs inversus secondary to myopia. This im- 
pression was confirmed by oral fluorescein an- 
giography, which was performed 20 minutes 
after the patient was given 5 ml of 25% oral 
fluorescein sodium (1.25 g) in 100 ml of orange 
juice. 

Thirty minutes later the patient developed 
profuse sweating, became nauseous and dizzy, 
and his blood pressure dropped to 85/30 mm 
Hg. A 4-mg intravenous injection of chlorphen- 
iramine maleate produced immediate relief of 
symptoms and restoration of blood pressure to 
140/80 mm Hg. Over the succeeding 12 hours a 
classic eczematous rash developed on the flex- 
ural aspects of both wrists and knees, which 
lasted for three days (Figs. 1 and 2). 

The patient had a history of atopic eczema in 
early childhood, and his father had had a near 
fatal anaphylactic reaction after an intravenous 
pyelogram 15 years earlier. 





Fig. 1 (Kinsella and Mooney). Eczematous erup- 
tion on flexural aspect of knees. 


The technique of intravenous fluorescein an- 
giography was introduced to clinical ophthal- 
mology by Novotny and Alvis in 1961.' The 
procedure, however, has some limitations, par- 
ticularly where a history of allergy exists. In 
1979 Kelley and Kincaid? described the use of 
oral fluorescein angiography in 25 patients, 
which produced successful angiograms in such 
conditions as cystoid macular edema, diabetic 
retinopathy, central serous choroidopathy, and 
involutional macular degeneration. 

Although anaphylactic reactions are well- 
recognized complications of intravenous fluo- 
rescein angiography,? their occurrence with 
oral fluorescein angiography is unusual. 
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Fig. 2 (Kinsella and Mooney). Eczematous rash on 
flexural aspect of wrists. 
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Cystoid Macular Edema Following 
Epikeratophakia 


Steven I. Rosenfeld, M.D. 


Bascom Palmer Eye Institute, Department of Oph- 
thalmology, University of Miami School of Medicine. 


Inquiries to Steven I. Rosenfeld, M.D., Delray Eye Asso- 
ciates, 5210 Linton Blvd., Delray Beach, FL 33484. 

Complications following epikeratophakia in- 
clude persistent epithelial defects, graft infec- 
tion, graft rejection, graft edema, graft haze, 
interface opacities and folds, recipient bed vas- 
cularization, wound separation and override, 
undercorrection, overcorrection, significant 
astigmatism, and loss of best corrected acu- 
ity.>? I treated a patient who developed cystoid 
macular edema following aphakic epikerato- 
phakia. 

In August 1986, a 75-year-old monocularly 
aphakic woman with long-standing open-angle 
glaucoma was referred because of increasing 
contact lens intolerance. Examination of the 
right eye disclosed best corrected visual acuity 
of 20/40, a clear cornea with moderate cornea 
guttata and reduced endothelial cell density, a 
broad superior band of peripheral anterior syn- 
echiae, a broken anterior hyaloid face with 
vitreous to the wound, applanation tension of 
18 mm Hg, marked glaucomatous cupping of 
the disk, and a normal macula. Goldmann visu- 
al fields confirmed significant glaucomatous 
loss. The patient used timolol 0.5% twice daily 
in the right eye. 

In hopes of preserving her best corrected 
vision, avoiding damage to her already com- 
promised cornea, and avoiding progression of 
her glaucoma, an aphakic epikeratophakia was 
performed in January 1987. The initial postop- 
erative course was unremarkable, without ex- 
cessive inflammation or increase in intraocular 
pressure, while the patient was being treated 
with topical prednisolone acetate 1%, gentami- 
cin sulfate, and timolol maleate 0.5%. Despite a 





Figure (Rosenfeld). Postoperative fluorescein an- 
giogram demonstrating cystoid macular edema. 


clear graft with a clean interface, best corrected 
visual acuity remained 20/200. Repeat Gold- 
mann visual fields were unchanged. Clinical 
examination and fluorescein angiography con- 
firmed cystoid macular edema (Figure). 

Empiric treatment with oral indomethacin 
and topical prednisolone acetate 1% has failed, 
and her condition remains unchanged, 22 
months postoperatively. 

A ruptured anterior hyaloid face, and vitre- 
ous adherent to the wound, are significant risk 
factors for aphakic cystoid macular edema, 
which can develop up to five years postopera- 
tively.* The development of macular edema in 
this patient might have been coincidental, or 
intraoperative manipulation of the globe might 
have exacerbated the vitreous traction. Anoth- 
er possible explanation is subclinical postoper- 
ative intraocular inflammation precipitating 
macular edema. 

Cystoid macular edema has been described 
following corneal relaxing incisions, which 
may have been caused by retinal light exposure 
from the operating microscope.‘ This may be 
the most likely explanation in our case, as well. 

Phototoxic retinal damage from the operating 
microscope has been reported after epikera- 
tophakia, but with the more typical finding of a 
vertically oval area of hypopigmentation with 
pigment clumping.° 

The apparently rare complication of cystoid 
macular edema following an aphakic epikera- 
tophakia should be considered in patients with 
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operatively. 
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Intraocular Pressure Response to 
Replacing Pilocarpine With 
Carbachol 


Richard W. Reichert, M.D., 
M. Bruce Shields, M.D., 
and William C. Stewart, M.D. 


Duke University Eye Center. 


Inquiries to M. Bruce Shields, M.D., Duke University 
Eye Center, Box 3802, Durham, NC 27710. 

When intraocular pressure cannot be con- 
trolled with maximum tolerated medical thera- 
py, which includes pilocarpine, many ophthal- 
mologists try alternative miotics, such as 
carbachol, before progressing to laser or con- 
ventional surgical therapy. The change to car- 
bachol has theoretical support in that pilocar- 
pine is a direct-acting parasympathomimetic, 
whereas carbachol has both direct and indirect 
cholinergic stimulating effects. 

We retrospectively studied the charts of 26 
patients with chronic open-angle glaucoma 
whose intraocular pressures were uncontrolled 
despite maximum tolerated medical therapy 
that included pilocarpine 2%, 4%, or 6% four 
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times daily, and who were switched to 
carbachol 3% three times per day. The informa- 
tion collected on each patient included age, 
sex, race, intraocular pressure, medications at 
the beginning of the study, and subsequent 
course. Only data on eyes with uncontrolled 
pressure were included; if both eyes had un- 
controlled pressure they were averaged and 
included as one data entry. 

The average age of the population was 69.2 
years. Fifteen patients (58%) were white and 11 
(42%) were black. There were 15 (58%) women 
and 11 (42%) men. Both eyes were uncontrolled 
in 14 (54%) patients, while only the right eye 
was involved in five (19%), and the left eye in 
seven (27%). The average pressure before 
switching from pilocarpine was 21.0 mm Hg. 
No patient was taking a miotic alone; four 
(15.4%) were taking two medications, 14 (53%) 
were taking three medications, and eight 
(30.8%) were taking four medications for glau- 
coma. Four patients had already undergone 
argon laser trabeculoplasty and one patient had 
had trabeculectomy. 

The patients were divided into three groups 
according to pressure response after changing 
to carbachol: Group 1 did not change more than 
2 mm Hg from baseline; Group 2 had a pressure 
decrease greater than 2 mm Hg, and Group 3 
had a pressure increase greater than 2 mm Hg 
(Table). 

Eighteen (69.2%) patients had either no effect 
or worse pressure control after switching to 
carbachol; eight (30.8%) patients had improved 
pressure control. However, long-term follow- 
up, averaging 35 weeks, disclosed that in only 


TABLE 
INTRAOCULAR PRESSURE RESPONSE 
TO REPLACING PILOCARPINE WITH CARBACHOL 


GROUP* 
1 2 3 
No. of patients 10 8 8 
Average age (yrs) 70.7 71.3 65.4 
Men/women (%) 30/70 50/50 50/50 
White/black (%) 60/40 50/50 75/25 
Average baseline IOP (mm Hg) 21.4 21.4 20.1 
Average final IOP (mm Hg) eli2 17.1 26.8 
Average change in IOP (mm Hg) —0.2 —4.3 +6.7 


*Group 1, no pressure change of more than 2 mm Hg; Group 2, 
decrease in pressure of more than 2 mm Hg; Group 3, increase in 
pressure of more than 2 mm Hg. 
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two of these eight patients was pressure con- 
trolled without further therapy. Two patients 
required additional medicines within three 
months, one progressed to laser trabeculo- 
plasty, and one required trabeculectomy. One 
was lost to long-term follow-up, and one dis- 
continued carbachol because of side effects de- 
spite improved pressure control. Additionally, 
three other patients discontinued the carbachol 
before the first follow-up pressure check be- 
cause of browache or decreased vision, not 
experienced with pilocarpine. No correlation 
could be found between the strength of pilocar- 
pine before the switch and the resulting pres- 
sure change. 

These data suggest that switching from pilo- 
carpine to carbachol offers a low chance of 
improved long-term pressure control, as well 
as an increased chance of side effects with 
resulting poor compliance. Furthermore, the 
risk of further optic nerve damage while delay- 
ing more definitive laser or conventional surgi- 
cal therapy must be kept in mind when contem- 
plating a switch from pilocarpine to carbachol 
in the hope of improving pressure control in 
the management of glaucoma. 


Argon Laser Endophotocoagulator 
Closure of Cyclodialysis Clefts 


Wallace L. M. Alward, M.D., 
Elizabeth A. Hodapp, M.D., 
Jean-Marie Parel, Ing. ETS-G., 
and Douglas R. Anderson, M.D. 


Department of Ophthalmology, Bascom Palmer Eye 
Institute, University of Miami. 


Inquiries to Elizabeth A. Hodapp, M.D., Bascom Palmer 
Eye Institute, P.O. Box 016880, Miami, FL 33101. 
Although argon laser energy can close a 
cyclodialysis cleft,'” cleft localization and treat- 
ment is often difficult in the hypotonous eye 
with a shallow anterior chamber.** After deep- 
ening the anterior chamber in the operating 
room, we used a modified endophotocoag 
ulator probe as an external source of argon 
laser light to overcome this problem in a child. 
A 7-year-old boy was struck in the right eye 
by a bottle cap. Hypotony and poor vision had 
persisted for three months when we first exam- 


ined him. Best-corrected visual acuity was 
R.E.: 20/400 and L.E.: 20/20. The right eye had a 
shallow anterior chamber and a small superior 
iridodialysis with vitreous prolapse. Intraocu- 
lar pressure by pneumotonometry was R.E.: <5 
mm Hg and L.E.: 17 mm Hg. Visualization of 
the right anterior chamber angle by gonioscopy 
was impossible because of anterior chamber 
shallowing. The right eye also had a swollen 
optic nerve head and macular striae. The left 
eye was normal. 

A diagnosis of cyclodialysis cleft was consid- 
ered and the patient was treated with atropine 
sulfate 0.5%. The hypotony did not improve 
and we therefore examined him again after 
administration of general anesthesia. Because 
we could not visualize the angle we deepened 
the anterior chamber with sodium hyaluronate 
instilled through a paracentesis tract. This per- 
mitted an excellent view of the angle, and we 
identified a wide cyclodialysis cleft superiorly 
and two small clefts nasally. 





Figure (Alward and associates). Condensing lens 
(CL) in plastic sleeve (S) permits focusing of laser 
light from fiberoptic tip (FT) through Swan Jacobs 
lens (SJ) into cyclodialysis cleft. 
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We treated the clefts using an argon laser 
endophotocoagulator. We developed a plastic 
sleeve with a condensing lens that fit over the 
fiberoptic probe of the endophotocoagulator 
(Figure). This adapter permitted us to focus the 
laser light through a Swan Jabobs gonioscopic 
lens into the cyclodialysis clefts and along their 
margins. We applied 91 burns with a mean 
energy output of 450 mW, a duration of 1 
second, and a spot diameter of approximately 
300 um. The paracentesis tract did not require 
suturing. 

On postoperative day 1, intraocular pressure 
was 50 mm Hg. Atropine sulfate 0.5% and 
timolol maleate 0.25% were given topically, 
and over the next two days the intraocular 
pressure dropped to 8 mm Hg. Nine months 
after surgery the patient was taking no medica- 
tions, visual acuity was 20/400, and intraocular 
pressure was 9 mm Hg. The anterior chamber 
was deep, and the clefts were covered with 
pigment. The optic nerve head was no longer 
swollen but was somewhat pale. The macular 
folds had resolved. 

By using this simple adapter on the 
endophotocoagulator we were able to treat di- 
rectly the cyclodialysis clefts in this child and 
avoid a more extensive operation. 
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Hepatic Metastases of Diffuse Iris 
Melanoma 17 Years After 
Enucleation 
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Philadelphia, PA 19107. 

Melanocytic tumors of the iris are generally 
recognized to be very low-grade tumors that 
can be managed initially by simple observa- 
tion. If growth is unequivocally documented, 
then most of them can be removed by iridecto- 
my and the affected patient usually has an 
excellent prognosis.'* Diffuse malignant mela- 
noma of the iris is a distinct variant of this 
tumor, which characteristically produces uni- 
lateral acquired hyperchromic heterochromia 
and secondary glaucoma.'’ This type of iris 
melanoma still carries an excellent prognosis 
and metastatic disease is extremely rare.’ Our 
patient, who underwent enucleation for a dif- 
fuse iris melanoma, remained well for 17 years 
before developing hepatic metastases. Histo- 
pathologically the lesion was a very low-grade 
spindle cell tumor that would not be expected 
to metastasize. 

In April 1969, a 52-year-old man was seen 
because of unilateral glaucoma. He related a 
nine-month history of progressive hyper- 
chromic heterochromia (Fig. 1) and visual loss 
in the affected right eye. Examination disclosed 
a visual acuity of hand motions, intraocular 
pressure of 55 mm Hg, and marked glaucoma- 
tous cupping and atrophy of the optic disk in 
the right eye. The iris of the right eye was dark 
brown, thickened, and showed dense irregular 
pigment in the trabecular meshwork. The left 


? 





Fig. 1 (Shields and Shields). Facial photograph 
shows heterochromia, with right iris darker than the 
left. 
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eye was normal and had a blue iris. Because of 
the diagnosis of diffuse iris melanoma and 
secondary glaucoma, the right eye was enucle- 
ated. 

Histopathologically there was a diffuse mela- 
nocytic tumor, which was confined mostly to 
the anterior iris stroma and trabecular mesh- 
work. The tumor was composed exclusively of 
low-grade spindle cells mostly of the spindle A 
type with only a few spindle B cells (Fig. 2). 
There was no evidence of involvement of the 
ciliary body or choroid and no extrascleral ex- 
tension. 

The patient underwent a yearly ocular exami- 
nation and no further ocular problems were 
detected. Yearly physical examinations and 
serum liver enzymes remained normal until 
March 1986, when he developed anorexia and 
right upper quadrant abdominal pain. The liver 
enzymes were markedly increased, and com- 
puted tomography disclosed hepatic metasta- 
ses, which were confirmed by liver biopsy to be 
metastatic melanoma. A thorough systemic ex- 
amination failed to disclose evidence of a cuta- 
neous melanoma or other occult primary mela- 
noma. The patient soon developed widespread 
melanomatosis and died in May 1986, 17 years 
after enucleation. 

The peculiar development of systemic metas- 
tases of a low-grade iris melanoma 17 years 
after enucleation underscores the unpredicta- 
ble clinical behavior of uveal melanomas. It 
also stresses the need for long-term follow-up 
of patients with uveal melanoma before conclu- 
sions can be drawn regarding mortality statis- 
tics for this tumor. 


Fig. 2 (Shields and Shields). Low- 
power photomicrograph shows 
diffuse pigmented lesion on ante- 
rior surface of iris and in the trabec- 
ular meshwork (hematoxylin and 
eosin, X 10); inset shows low-grade 
spindle cells (hematoxylin and 
eosin, X50). 
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The ocular ischemic syndrome (ischemic 
oculopathy, venous-stasis retinopathy) is de- 
fined as ocular disease secondary to chronic 
vascular hypoperfusion manifested clinically 
as aqueous flare, rubeosis iridis, hypotony, 
midperipheral retinal hemorrhages, narrowed 
retinal arterioles, cystoid macular edema, and 
neovascularization of the optic disk and reti- 
na.'” It is seen almost exclusively when athero- 
sclerotic carotid artery disease with ipsilateral 
stenosis of at least 90% is present, or, alterna- 
tively, with severe bilateral carotid artery ob- 
structions.’ We have recently observed a case 
of the ocular ischemic syndrome that occurred 
secondary to an ipsilateral spontaneous carotid 
artery dissection. 

A 64-year-old man was examined for amauro- 
sis fugax in the right eye. His ocular history 
was unremarkable; however, his concurrent 
medical problems included asbestosis, hyper- 
tension, and coronary artery disease. 

On examination, his best corrected visual 
acuity was R.E.: 20/50 and L.E.: 20/25. Intraocu- 
lar pressures by applanation were 22 mm Hg in 
each eye. Slit-lamp examination of the right eye 
disclosed iris neovascularization with +1 aque- 
ous flare in the anterior chamber. The angle 
was gonioscopically open. The left eye was 
unremarkable. Ophthalmoscopic examination 
in the right eye disclosed generalized nar- 
rowing of the retinal arteries. There was no 
evidence of background diabetic retinopathy in 
the posterior pole. However, in the midperiph- 
eral retina, blot hemorrhages were scattered. 
The left fundus was normal. An intravenous 





Fig. 1 (Duker and Belmont). Intravenous fluoresce- 
in angiogram at 24.5 seconds after dye injection. 
Note the patchy choroidal filling and absence of dye 
in the retinal arterioles. The choroidal perfusion 
defects persisted until 47 seconds into the study. 





Fig. 2 (Duker and Belmont). Carotid arteriogram 
demonstrating normal right carotid bifurcation. An 
abrupt diminution in the caliber of the internal carot- 
id is noted (arrow) with associated distal tapering of 
the vessel’s lumen (“string sign”). The delayed films 
showed persistent contrast in-the false lumen of the 
internal carotid until late in the study. 


fluorescein angiogram was remarkable for de- 
layed, patchy choroidal perfusion with delayed 
retinal arterial filling (Fig. 1). Ocular ischemic 
syndrome was diagnosed. 

The patient underwent carotid artery arteri- 
ography, which disclosed a dissection of the 
right internal carotid artery (Fig. 2). No hemo- 
dynamically significant obstructions were 
noted at either carotid bifurcation. Treatment 
consisted of oral anticoagulation with aspirin, 
as well as topical 0.25% scopolamine, 0.5% 
timolol, and 1% prednisolone acetate drops. A 
full panretinal photocoagulation consisting of 
2,800 burns was administered in the right eye 
as well. Eighteen months after treatment, the 
patient’s visual acuity remains 20/60 in the 
right eye. Clinically, the rubeosis iridis has 
regressed and the retinal hemorrhages have 
disappeared. 

To our knowledge, this is a rare instance of 
the ocular ischemic syndrome occurring in con- 
junction with an ipsilateral spontaneous dis- 
section of the carotid artery. Carotid artery 
dissection has been previously associated with 
other ocular findings including amaurosis 
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fugax, painful Horner’s syndrome, and various 
cranial nerve palsies.* Recent reports have doc- 
umented a benign, self-limited course for this 
condition and advised conservative treatment 
with anticoagulants and platelet anti- 
aggregates.’ Surgical intervention should be 
limited to those patients suffering advancing 
neurologic symptoms.‘ 

The relatively good visual outcome of our 
patient is unusual for the ocular ischemic syn- 
drome except in rare patients who have under- 
gone carotid artery endarterectomy. ™? 
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Tissue plasminogen activator and streptoki- 
nase therapy are currently used to decrease the 





Fig. 1 (Steinemann and associates). Fluorescein 
angiography (1983) shows a perifoveal macro- 
aneurysm. 


size of myocardial infarction.>? These agents 
are contraindicated in patients with hemor- 
rhagic diabetic retinopathy.* We describe a pa- 
tient with acute closed-angle glaucoma compli- 
cating a hemorrhagic choroidal detachment 
after tissue plasminogen activator, streptoki- 
nase, and heparin therapy of acute myocardial 
infarction. 

A 51-year-old man had an acute inferior wall 
myocardial infarction and received parenteral 
tissue plasminogen activator and streptokinase 
followed by continuous heparin therapy. 
Twelve hours later, the patient noted a sudden 
deterioration of vision and pain in the right 
eye. The patient had a history of congenital 
retinal telangiectasia documented five years 
previously (Fig. 1). Laser photocoagulation 
was advised at that time, but the patient had 
refused. His visual acuity at that time was R.E.: 
20/200 and L.E.: 20/20. 

On ophthalmologic examination, visual acu- 
ity was R.E.: hand motions and L.E.: 20/20. 
Both anterior chambers were deep. After dila- 
tion of the pupils with tropicamide 1% and 
phenylephrine 2.5%, ophthalmoscopy in the 
right eye showed diffuse subretinal hemor- 
rhage in the posterior pole, a small vitreous 
hemorrhage, and a subhyaloid hemorrhage in- 
feriorly, all of which prevented a clear view of 
the posterior pole structures. No choroidal de- 
tachment was noted. The left eye was normal. 

The next day, 31 hours after dilation, the 
patient complained of severe pain in the right 
eye accompanied by nausea and vomiting. Vis- 
ual acuity remained hand motions. The exter- 
nal examination showed a 360-degree ciliary 
injection, mild corneal haze, and a shallow 
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Fig. 2 (Steinemann and associates). B-mode ultra- 
sonography (1988) shows a large choroidal detach- 
ment and vitreous hemorrhage. 


anterior chamber in the right eye. The right 
pupil was fixed and had a diameter of 6 mm. 
Intraocular pressure by applanation was R.E.: 
>60 mm Hg and L.E.: 10 mm Hg. Gonioscopy 
showed a 360-degree angle closure in the right 
eye. In the left eye, the angle was open to a 
scleral spur throughout. 

The patient was given 500 mg of acetazol- 
amide intravenously, pilocarpine 2% every 15 
minutes for two hours, timolol 0.5% once, and 
prednisolone 1% every two hours. Minimal 
response was noted. Three hours later, intraoc- 
ular pressure was R.E.: 52 mm Hg, and the 
patient was still experiencing severe pain ac- 
companied by intermittent episodes of ventric- 
ular tachycardia. An emergency Nd:YAG pe- 
ripheral iridotomy was performed (4.3 mJ, 17 
shots), with minimal reduction in intraocular 
pressure. Intraocular pressure by applanation 
at 1% and 12 hours after iridotomy was R.E.: 48 
mm Hg and 36 mm Hg, respectively. B-mode 
ultrasonography 12 hours after iridotomy dem- 
onstrated large choroidal detachments (Fig. 2). 
A-mode ultrasonography confirmed this find- 
ing. Twenty-four hours after iridotomy, intra- 
ocular pressure was R.E.: 13 mm Hg, and the 
angle was open to the ciliary body. 

We believe that the subretinal hemorrhage 
and hemorrhagic choroidal detachment origi- 
nated from a preexisting retinal telangiectasia. 
Bleeding was possibly stimulated by the use of 
tissue plasminogen activator and streptoki- 
nase. One cannot, however, discount the role 
of continuous heparin infusion in the develop- 
ment of this hemorrhage. The hemorrhagic 
choroidal detachment caused an anterior dis- 
placement of the iris/lens diaphragm resulting 
in acute closed-angle glaucoma. This mecha- 


nism of angle closure has been described by 
Simmons and Dallow.! 
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We treated two patients, both of whom exper- 
ienced corneal calcification after retinoic acid 
therapy, a severe and potentially irreversible 
complication. 


Case 1 

We examined a 65-year-old woman because of 
a slowly progressive decrease of vision in both 
eyes of a few weeks’ duration. She had secon- 
dary Sjégren’s syndrome with moderately ac- 
tive rheumatoid arthritis. Visual acuity was 
R.E.: 20/80 and L.E.: 20/120. Typical findings of 
dry eye syndrome with keratinization of the 
conjunctival and corneal epithelium were 
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Fig. 1 (Avisar, Deutsch, and Savir). Case 1. Appearance of right eye (left) and left eye (right) on initial 
examination. Note severe keratinization of the conjunctiva and cornea without corneal deposits. 


found in both eyes. Corneal ulcers were also 
noted. There were no corneal deposits (Fig. 1). 
Reults of the rest of the examination were 
unremarkable. On Schirmer testing there was 
0 mm of wetting in five minutes and von 
Bijsterved’s score was 9.' Local treatment with 
artificial tears and topical lubricating agents 
provided no relief. Topical all-trans-Retinoic 
acid 0.1% (Tretinoin) treatment three times 
daily was begun. Five days later, corneal calci- 
fication appeared in both eyes (Fig. 2). Visual 
acuity decreased to R.E.: 20/200 and L.E.: 
counting fingers. Treatment was stopped, but 
no improvement was noted. 





ae? 


Case 2 

On examination, this 67-year-old man, who 
suffered from severe keratoconjunctivitis sicca, 
had a visual acuity of counting fingers in both 
eyes. Anterior segment examination demon- 
strated findings typical of dry eye syndrome, 
with keratinization of the corneas and conjunc- 
tivae. Results of the rest of the exmination were 
normal. Treatment with artificial tears and topi- 
cal lubricants was begun with no improvement. 
Topical 0.1% all-trans-Retinoic acid three times 
daily was begun. One week later a ring of 
calcification appeared in the right cornea, locat- 
ed primarily in the superficial stroma. Retinoic 
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Fig. 2 (Avisar, Deutsch, and Savir). Case 1. Corneal calcification after five days of retinoic acid treatment in the 


right eye (left) and left eye (right). 
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acid treatment was immediately stopped and 
two months later the corneal calcification dis- 
appeared. 

Favorable results of topical retinoic acid ther- 
apy for disorders of the outer eye have been 
reported,”* with local irritation noted as the 
only side effect.* Topical vitamin A treatment 
was also found to increase the healing of cata- 
ract incisions. 

Patients with dry eye syndrome who are 
treated with retinoic acid should be followed 
up carefully to watch for this possible side 
effect. 
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A 22-year-old man underwent an uneventful 
eight-incision, 3-mm optical zone radial kera- 


totomy of his left eye at our institution. His 
preoperative visual acuity was 20/15—1 in both 
eyes, with a refraction of R.E.: —5.50 +0.25 x 
85 and L.E.: —4.50 +0.50 x 170. Twenty days 
postoperatively, uncorrected visual acuity was 
20/15—2. The achieved depth of the incisions 
was estimated to be 90% to 95%. Three weeks 
after the first procedure, an eight-incision, 
3-mm optical zone procedure was performed 
on the right eye with a similar result. 

Eight months postoperatively, the patient 
was struck in the left eye with a fist. He had 
immediate pain and decreased vision, which he 
self-treated with ice compresses. The following 
morning his local ophthalmologist diagnosed a 
ruptured globe and referred the patient to our 
institution. 

Uncorrected visual acuity was R.E.: 20/30+2 
and L.E.: light perception without projection. 
Moderate periorbital ecchymoses with edema 
were present on the left. Examination disclosed 
extrusion of some intraocular contents through 
a corneal wound. X-rays of the left orbit 
showed no evidence of fracture. Further exami- 
nation after administration of general anesthe- 
sia disclosed a horizontal limbal-to-limbal rup- 
ture through the keratotomy incisions at the 
4:30 and 9 o’clock meridians with a connection 
across the visual axis. One to two millimeters of 
nasal sclera was involved as well as rupture of 
the keratotomy incisions at the 1:30, 3, 7:30, 
and 10:30 meridians. There was no evidence of 
a crystalline lens. After debridement of the 
incarcerated iris and vitreous, the wounds were 
reapproximated with 26 interrupted 10-0 nylon 
sutures. B-scan ultrasonography showed the 
retina to be intact. 

At his most recent examination, three 
months after the injury, visual acuity was 
20/200 in the left eye. The cornea was 
epithelialized with minimal stromal edema 
(Figure). Scattered areas of peripheral anterior 
synechiae were present within a formed ante- 
rior chamber. The possibility of a secondary 
anterior segment reconstruction, including a 
penetrating keratoplasty, is being considered. 

Simons, Linsalata, and Zaragosa! recently 
described a patient who sustained a ruptured 
globe after blunt trauma 24 days after keratoto- 
my. However, the keratotomy incisions could 
not be implicated as the site of rupture. Others 
have reported traumatically induced perfora- 
tions of the corneal incisions that sealed after 
placement of a bandage contact lens.” Animal’ 
and human” studies suggest prolonged wound 
healing after radial keratotomy. It is unlikely 
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Figure (Pearlstein and associates). Appearance of 
ruptured globe two weeks after trauma. 


that these incisions will ever achieve normal 
strength. 

Patients undergoing radial keratotomy 
should be advised that their eye may be less 
resistant to mechanical trauma. 
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Aerosol sprays such as hair spray have been 
documented to cause chemical keratitis. This 
is a case description of keratitis caused by spray 
on after-shave. 


A 44-year-old man complained of irritation in 
his left eye of two months’ duration. Initially 
inferior keratitis in the left eye and mild bleph- 
aritis of both eyelids had been diagnosed. 
Treatment with eyelid scrubs, bacitracin oint- 
ment, and patching during sleep had not allevi- 
ated his discomfort. 

On ocular examination the visual acuity was 
20/20 in each eye. The eyelid margins were 
clean, the conjunctiva was white, and a small 
amount of superficial punctate keratitis was 
noted inferonasally only in the left eye. 
Schirmer test with anesthetic demonstrated a 
tear production of greater than 10 mm in either 
eye at 5 minutes’ time. However, there was 
marked tear instability in the left eye witha tear 
breakup time of 2 seconds in this eye compared 
to greater than 10 seconds in the right eye. The 
patient denied nocturnal lagophthalmos or use 
of any other facial or ocular medication. He was 
instructed to discontinue the overnight patch- 
ing and bacitracin ointment but continue the 
eyelid scrubs of both eye margins. 

One week later, there was partial reduction 
in his symptons of irritation and the keratitis 
had improved. However, the tear breakup time 
in the left eye persisted to be asymmetrically 
reduced when compared to the right eye. On 
questioning, the patient remembered that he 
had switched to a new after-shave spray two 
months previously when the ocular irritation 
began. He demonstrated that he held the bottle 
with his left hand and began to spray it toward 
his face, starting on the left side. The patient 
was advised to stop the use of the after-shave 
and to return one week later. At this point, his 
symptoms had totally resolved, with no evi- 
dence of keratitis, and a normal tear breakup 
time in the left eye. 

Chemical keratitis should be suspected in the 
patient with asymmetric keratitis and asymme- 
try in tear breakup time. In this patient only the 
left eye was affected by the mixture, because 
this eye was evidently closer to the spray. 
Because most after-shaves are routinely ap- 
plied from their bottles manually, ophthalmol- 
ogists usually do not inquire about their use 
when taking the patient’s history. This case 
emphasizes the importance of obtaining a de- 
tailed history in the patient with keratitis for 
use of aerosol products including after-shave. 
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Keratoconus is a progressive, noninflamma- 
tory disorder characterized by central thinning 
and protrusion of the cornea. Its cause remains 
unclear, but many clinical associations have 
been reported including atopic diseases, con- 
nective tissue disorders, tapetoretinal degener- 
ations, Down’s syndrome, hard contact lens 
wear, hereditary predisposition, and eye rub- 
bing.' Karseras and Ruben’ considered eye rub- 
bing to be a major etiologic factor and elicited a 
history of rubbing in two thirds of their kerato- 
conus patients who progressed to contact lens 
wear.” Within a period of 11 months, we recent- 
ly observed development of advanced kerato- 
conus in a cornea initially documented to be 
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Figure (Gritz and McDonnell). Photokeratoscopic photographs of right eye. Left, At initial patient visit mires 


normal. The only apparent risk factor in this 
patient was daily ocular massage. 

A 31-year-old man was referred to the 
Doheny Eye Institute for evaluation of possible 
keratoconus of the left eye. The patient com- 
plained of a slowly progressive decrease in 
vision over a two-year period. Although he 
initially denied eye rubbing, he later admitted 
to pressing vigorously on his eyes with his fists 
during daily ritual meditation. He had been 
doing this for several years. The patient denied 
any history of atopy or connective tissue dis- 
eases and had never worn hard contact lenses 
or corrective lenses. There was no family histo- 
ry of keratoconus. On initial examination, un- 
corrected visual acuity was R.E.: 20/20 and 
L.E.: 20/200. Manifest refraction in the right eye 
was —0.25 +1.50 x 153, and in the left eye was 
—19.00 +4.00 x 31, but best-corrected visual 
acuity with spectacles was only 20/200. With 
hard contact lens overrefraction, visual acuity 
could be improved in the left eye to 20/40. The 
cornea of the left eye had numerous deep stro- 
mal stress lines (Vogt’s lines), subepithelial 
opacities, and cone formation with about 40% 
thinning. The right cornea was clear and lacked 
any signs of stress or deformity. Keratometry 
readings disclosed the right cornea to be spher- 
ical (43.25/43.25 diopters) and the left cornea to 
be markedly steepened with irregular mires of 
about 61 diopters. Pachymetry disclosed cen- 
tral corneal thicknesses to be 0.521 in the right 
eye and 0.380 in the left eye. Photokeratoscopy 
of the right cornea disclosed round, regular, 
and evenly spaced mires (Figure, left), while 
the rings of the left eye were distorted with 
marked inferior steepening. The patient failed 





are round, regular, and evenly spaced. Right, Eleven months later mires are irregular with steepening in 


inferotemporal midperiphery. 
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efforts at contact lens fitting, and underwent 
penetrating keratoplasty of the left eye six 
months after his initial visit. 

Eight months after his initial visit, the pa- 
tient’s uncorrected visual acuity in the right eye 
declined to 20/30, and two months later had 
further declined to 20/40. He was correctable to 
20/25 with a manifest refraction of +1.00 +6.00 
x 120. The right cornea was noted to have some 
stress lines in the inferotemporal midperiphery 
and mild stromal thinning. Keratometry read- 
ings were 53.00 x 170/44.00. Photokeratoscopy 
demonstrated dramatic changes in the corneal 
topography of the right eye (Figure, right) 
interpreted as indicative of keratoconus. The 
patient admitted to continued vigorous appli- 
cation of his fist to the right eye despite being 
cautioned against this practice. The patient was 
successfully fitted with a rigid contact lens and 
the patient was warned about the possible 
effects of pressing on the eye. His left eye has 
remained stable after penetrating keratoplasty 
with uncorrected visual acuity of 20/40. 

Many reports suggest an association of eye 
rubbing and keratoconus,'’” and development 
of keratoconus has been reported following 
blunt trauma.’ Much more impressive than the 
keratoconus of the left eye is the advanced 
keratoconus of the right eye, developing about 
11 months after the right cornea had been 
documented to be normal in terms of 
keratometry, pachymetry, and _ photokera- 
toscopy. Aside from the patient’s practice of 
vigorously massaging his corneas with his fists, 
no other known associations were found, in- 
cluding a history of atopy. It cannot be proved 
that the rapid development of keratoconus in 
this patient’s right eye was induced by his 
ritual ocular massage, but the dramatic changes 
demonstrated in the right cornea are sugges- 
tive of an association. 





References 





1. Krachmer, J. H., Feder, R. S., and Berlin, M. W.: 
Keratoconus and related noninflammatory corneal 
thinning disorders. Surv. Ophthalmol. 28:293, 1984. 

2. Karseras, A. G., and Ruben, M.: Aetiology of 
keratoconus. Br. J. Ophthalmol. 60:522, 1976. 

3. Beuchat, L., and Metager, P.: Acquired kerato- 
conus following ocular blunt trauma. J. Fr. 
Ophtalmol. 10:501, 1987. 








Successful Treatment of 
Postherpetic Neuralgia With 
Capsaicin 

Frank A. Bucci, Jr., M.D., 

Christopher F. Gabriels, B.S., 

and Gregory B. Krohel, M.D. 

Department of Ophthalmology, Albany Medical Col- 
lege. This study was supported in part by an unre- 


stricted grant from Research to Prevent Blindness, 
Inc. 


Inquiries to Gregory B. Krohel, M.D., Samaritan Hospi- 
tal, Troy, NY 12180. 

Postherpetic neuralgia is a common and fre- 
quently debilitating complication of herpes 
zoster ophthalmicus. Postherpetic neuralgia is 
especially common in patients over 65 years of 
age. Current treatment modalities are generally 
unsuccessful. Persistent and severe pain often 
leads to profound depression, and reports of 
suicide are not rare. 

In two patients with prolonged history of 
unsuccessfully treated postherpetic neuralgia 
pain relief was achieved within seven days 
after treatment with Zostrix, a topical analgesic 
cream containing 0.025% of the natural chemi- 
cal capsaicin. 

For two years the first patient, a 72-year-old 
woman, had had postherpetic neuralgia unre- 
sponsive to treatment with carbamazepine and 
amitriptyline. After discontinuing all other 
medications, Zostrix was applied to the skin of 
the forehead and upper eyelid four times per 
day. The patient reported almost total relief of 
her debilitating pain within one week. Her pain 
relief has been sustained with continued use of 
this topical analgesic four times a day. The 
second patient, a 65-year-old woman, had had 
postherpetic neuralgia for seven months. Inter- 
mittent usage of narcotic analgesics was unsuc- 
cessful in controlling the pain. Pain relief was 
achieved after one week of topical application 
of Zostrix four times a day. Sustained pain 
relief has been maintained with continued use 
of this medication over the past six months. 

Zostrix contains 0.025% capsaicin (trans-8- 
methyl-N-vanillyl-6-nonenamide), a natural 
substance derived from plants of the Solanace- 
ae family. Capsaicin is believed to inhibit noci- 
ceptive impulses from the peripheral to the 
central nervous system through the depletion 
of the endogenous neuropeptide substance P.! 
Bernstein and associates reported substantial 
pain relief in 75% of 12 patients with post- 
herpetic neuralgia treated with Zostrix for one 
month.” 
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One of the few disadvantages of the tech- 
nique currently used for extracapsular cataract 
extraction is the need for temporary sutures to 











Fig. 1 (Tsubota). Diagram of the aspiration- 
irrigation soft contact lens for maintenance of the 
anterior chamber in extracapsular cataract extrac- 
tion. The large window is for observation of the 
anterior chamber; the small hole is for insertion of 
the aspiration-irrigation needle (units are in millime- 
ters). 





perform irrigation-aspiration of the lens cortex 
for maintenance of the anterior chamber after 
removal of the nucleus. In order to solve this 
problem, I developed a contact lens for the 
maintenance of the anterior chamber. 

The aspiration-irrigation soft contact lens is 
made of 40% hydroxyethylmethacrylate. The 
lens* resembles a doughnut with a large win- 
dow in the center (Fig. 1). The anterior chamber 
can be observed through this window during 
the aspiration-irrigation of the cortex. The 
aspiration-irrigation lens is 16.5 mm in diame- 
ter, which is wide enough to cover the corneo- 
scleral incision. A small hole located in the 
periphery is for the insertion of the aspiration- 
irrigation needle. 

After delivery of the nucleus, a running su- 
ture is placed over half of the corneoscleral 
incision using 10-0 nylon. Then the aspiration- 
irrigation lens is placed over the cornea to cover 
the incision. The aspiration-irrigation needle is 
inserted through the small hole and aspiration- 
irrigation of the lens cortex is performed (Fig. 
2). Using this lens, the anterior chamber can be 
maintained without temporary sutures. The 





*The lens is manufactured by Hoya Corporation, 
Takadanobaba 1-29-9, Shinjuku-ku, Tokyo, Japan 160. 





Fig. 2 (Tsubota). Aspiration-irrigation of the lens 
cortex using the aspiration-irrigation lens. The ante- 
rior chamber is maintained during the procedure 
without temporary sutures. 
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aspiration-irrigation needle can be moved 
along the corneoscleral incision freely. 

Before using this lens, the vitreous pressure 
must be lowered and the eye should be in the 
primary position without conjunctival edema. 
The advantages of this lens include reduced 
operating time, no corneoscleral damage from 
temporary sutures, and easier aspiration- 
irrigation of the cortex because the aspiration- 
irrigation needle can be moved freely along the 
incision. 








Recurrent Blepharoptosis 
Secondary to a Pituitary Tumor 


Kent W. Small, M.D., 
and Edward G. Buckley, M.D. 


Department of Ophthalmology, Duke University 
Medical Center. 


Inquiries to Edward G. Buckley, M.D., P.O. Box 3802, 
Department of Ophthalmology, Duke University Medical 
Center, Durham, NC 27710. 

An otherwise healthy 11-year-old girl had 
had blepharoptosis of the left eyelid for three 
weeks. Results of ocular, pupillary, neurologic, 
and general examination were all normal except 
for 5 mm of blepharoptosis. Motility examina- 
tion disclosed full ductions, comitant versions, 
and orthophoria at 20 feet and 13 inches. Visual 
field, serum cortisol, Ts, Tv, and thyroid- 
stimulating hormone were normal. Multiple 
tensilon tests demonstrated no improvement of 
the blepharoptosis. Serum prolactin was slight- 
ly increased to 26 ng/ml (normal, 0 to 20 ng). 
Computed tomography of the brain showed a 
“questionably” enlarged pituitary gland. 
Three months later the blepharoptosis sponta- 
neously resolved and the patient failed to re- 
turn. 

Two years later she returned with a second 
episode of blepharoptosis of the left eyelid and, 
in addition, headaches. Ocular examination 
disclosed a 5-mm blepharoptosis of the left 
eyelid. Visual field, serum thyroid-stimulating 
hormone, Ts, Tsu, growth hormone, lumbar 
puncture, single fiber electromyography, and 
tensilon tests were all normal. Serum prolactin 
was increased to 44.2 ng/ml. Computed tomog- 
raphy showed a soft tissue intrasellar mass 
with suprasellar extension. There was a small 





: 


Fig. 1 (Small and Buckley). Coronal section, 
through the sella turcica demonstrating a soft tissue 
sellar and suprasellar mass. There is a small area of 
radiolucency in the inferior part of the mass. 


area of radiolucency in the inferior part of the 
mass (Fig. 1). Magnetic resonance imaging 
showed an intrasellar mass bowing the floor of 
the sella with suprasellar extension slightly 
eccentric to the left. A focal area of increased 
signal intensity within the mass was visible on 
the Tı- and T.-weighted image consistent with 
blood or mucus (Fig. 2). There was no radiolog- 
ic evidence of extension of the tumor into the 
cavernous sinus. 

The patient underwent transsphenoidal hy- 
pophysectomy. Ten days later, the blepharop- 
tosis had completely resolved. Therapeutic ir- 
radiation (5,040 rad) in divided doses was 
administered because of incomplete surgical 
resection. The surgical specimen consisted of 
pituitary epithelium composed of distinct cell 
types with areas of monomorphic bland cells 
surrounded by hyalinized stroma consistent 
with a pituitary adenoma. Some of the tissue 
fragments contained ciliated epithelium consis- 
tent with a Rathke’s cleft cyst. The neurosur- 
geon was confident that this did not represent 
tissue from the sphenoid sinus. One year later 
there was no evidence of recurrence of the 
tumor or the blepharoptosis. 

Most pituitary adenomas have endocrine ab- 
normalities; those that do not become apparent 
only when nearby structures are invaded. Our 
case is unusual because of the remitting and 
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Fig. 2 (Small and Buckley). Magnetic resonance 
image (Tı-weighted, sagittal section) showing the 
markedly increased signal intensity of the inferior 
area of the sellar-suprasellar mass consistent with 
blood or mucus. 


recurring partial third nerve injury with no 
radiologic evidence of third nerve impinge- 
ment. 

Third nerve paresis occurs in 14% of pituitary 
tumors.' All of those patients had blepharopto- 
sis. Three mechanisms of oculomotor nerve 
paresis have been proposed. Symonds? be- 
lieved that slowly growing pituitary tumors 
send small projections which perforate the 
weak areas of the sella. As these projections 
extend laterally and backward they stretch the 
fibers of the third nerve at the level of the dura 
mater before arriving at the cavernous sinus. 
Walsh? thought that simple pressure on the 
walls of the cavernous sinus by the tumor could 
indirectly cause oculomotor nerve injury and 
Jefferson‘ suggested that the third nerve is 
compressed against the petrous sphenoidal lig- 
ament of Gruber. 

We believe our patient did not have tumor 
directly compressing the oculomotor nerve. 
There was no radiologic evidence of lateral 
extension of the tumor. The spontaneous re- 
gression and then subsequent recurrence of the 
blepharoptosis two years later would not be the 
expected course of an invasive tumor. The lack 
of pupilomotor fiber involvement, which are 
thought to be sensitive to compressive lesions, 
also supports our belief. We suggest that a 


sellar-suprasellar tumor may displace the dura 
mater through which the third nerve passes 
and stretch the nerve secondarily. The fibers 
innervating the levator palpebrae superioris 
muscle would seem to be more sensitive to 
stretch. The recurrence of the blepharoptosis in 
our patient was presumably caused by either 
hemorrhage into the tumor or infarction of part 
of the tumor with associated edema. 
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Soda Pop Top Ophthalmopathy 


Kathleen M. Duerksen, M.D., 
Deanna W. Albert, M.D., 

Roger M. Saulson, M.D., 

and Stephen C. Pflugfelder, M.D. 


Bascom Palmer Eye Institute, Department of Oph- 
thalmology, University of Miami School of Medicine. 


Inquiries to S. C. Pflugfelder, M.D., Bascom Palmer Eye 
Institute, 900 N.W. 17th St., Miami, FL 33136. 

Potentially severe ocular injuries can result 
from the bottlecap of a 2-liter soft drink bottle if 
pressure within the bottle is increased enough 
to allow the bottlecap to “pop” off. Three such 
cases were recently encountered at our institu- 
tion, which resulted in significant ocular trau- 
ma. 


Case 1 

A 43-year-old woman was examined after she 
was struck in the left eye with a bottlecap she 
had tried to remove with pliers from a sealed 
2-liter bottle. The patient had a self-sealing 
full-thickness corneal laceration, as well as 
commotio retinae (traumatic retinopathy). The 
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Figure (Duerksen and associates). Left eye of pa- 
tient was injured by exploding bottlecap from 2-liter 
soft drink bottle. 


patient underwent surgical repair of the lacera- 
tion and four months postoperatively had a 
visual acuity of 20/50, the result of irregular 
corneal astigmatism and scarring. 


Case 2 

A 32-year-old woman had decreased vision 
and bleeding from her left eye after being 
struck by the bottlecap from a similar bottle. 
The bottle had not been opened previously and 
was stored at room temperature. The patient 
had a laceration of the left upper eyelid, in- 
creased intraocular pressure, commotio reti- 
nae, and iritis. Treatment consisted of topical 
cycloplegics, corticosteroids, and 0.5% timolol 
maleate. Two weeks later visual acuity was 
20/30. 


Case 3 

A 48-year-old man was examined after he 
was struck in the left eye from a bottlecap when 
he attempted to open a 2-liter soda bottle (Fig- 
ure). The bottle was refrigerated and had been 
previously opened; approximately 50% of the 
volume remained. The patient used pliers to 
remove the cap. He suffered a full-thickness 
corneal laceration, ruptured lens capsule, and 
cataract formation. The laceration was repaired 
and subsequently an extracapsular cataract ex- 
traction was performed. The patient’s best cor- 
rected visual acuity was 20/30 six months after 
the injury. 

Similar ocular injuries have been reported 
from 12 to 32 ounce beverage containers.'? In 
our cases, the bottle volume was more than 
twice the size previously reported. Waikhom?® 
postulated that a greater projectile force might 
be created by a larger volume bottle. This may 
account for the severity of the injuries in our 
patients. 
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Retained Ocular Gunpowder 


William N. White, A.B., 

Rebecca Preston, M.D., 

Craig M. Morgan, M.D., 

and Marilyn C. Kincaid, M.D. 

Department of Surgery (W.N.W. and C.M.M.), the 
Marshall University School of Medicine, and Depart- 


ment of Ophthalmology (R.P., C.M.M., and 
M.C.K.), W. K. Kellogg Eye Center. 


Inquiries to Craig M. Morgan, M.D., Huntington Eye 
Associates, 1151 Hal Greer Blvd., Huntington, WV 
25701. 

Retained gunpowder particles following ocu- 
lar gunpowder injuries are uncommon and 
have been reported to be clinically well tolerat- 
ed by the eye.'® We had the opportunity to 
examine histologically the conjunctiva of a pa- 
tient with retained gunpowder particles and 
found that the particles had not elicited any 
apparent inflammatory reaction. 

A 16-year-old boy was making a bomb with 
modern smokeless gunpowder when it explod- 
ed in his face. Instantaneously he lost vision in 
both eyes, and his eyes were extremely painful. 
Examination immediately after the injury dis- 
closed that his visual acuity was hand motions 
in both eyes. Numerous gunpowder particles 
were embedded in the eyelids and facial skin. 
Marked conjunctival chemosis was present, 
and a conjunctival laceration was present tem- 
porally in the left eye. In both eyes, there were 
multiple intracorneal and conjunctival gun- 
powder deposits. A 10% hyphema was present 
in the left eye. The anterior chamber was 
formed in both eyes, and it did not appear that 
any of the gunpowder particles had penetrated 
either eye. The pupils were of normal configu- 
ration and reactive, and the lens was clear in 
each eye. Initial treatment included topical an- 
tibiotics and cycloplegia, and subsequently 
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Fig. 1 (White and associates). Low-power view of 
the conjunctival stroma shows randomly arranged 
foci of irregular jet black foreign material (arrows). 
All the material is extracellular and there is no 
inflammatory reaction. The normal conjunctival epi- 
thelium (E) is present at the upper right (hematoxy- 
lin and eosin, X75). 


topical corticosteroids. Two weeks later, the 
corneal epithelium was intact in both eyes. The 
numerous gunpowder particles remained em- 
bedded at various levels in the conjunctiva and 
cornea. 

Three months after the injury, a cataract had 
developed in the left eye, and the visual acuity 
was R.E.: 20/50 and L.E.: counting fingers at 2 
feet. The gunpowder particles in the conjuncti- 
va and cornea were unchanged, and clinically it 
appeared as if they had not elicited any ocular 
inflammation. There was no vascularization of 
the cornea. An uneventful cataract extraction 
was performed on the left eye. At the time of 
surgery, a portion of the conjunctiva contain- 
ing some of the gunpowder particles was ex- 
cised and sent for histopathologic examination. 
Review of this specimen (Figs. 1 and 2) showed 
that the gunpowder particles had remained 
extracellular, and that there was no inflamma- 
tory reaction to the particles. 

One year after the injury, the visual acuity 
was R.E.: 20/30 and L.E.: 20/20. There had been 
no change in the embedded gunpowder parti- 
cles and there was no clinically apparent in- 
flammatory response. 

These histologic findings support the previ- 
ously reported clinical observations that retain- 
ed ocular gunpowder particles are well tolerat- 
ed by the eye and do not need to be removed 
unless there is a specific indication for doing 
so. 








of the conjunctiva showing dense deposits of irregu- 
lar jet black foreign material (arrows), which is extra- 
cellular. There is no inflammatory reaction. Conjunc- 
tival epithelium (E) with goblet cells is seen in 
several areas in this somewhat distorted specimen 
(hematoxylin and eosin, x120). 
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Universal 35-mm Camera Mount for 
Ophthalmic Ultrasound Units 


Marc M. Whitacre, M.D., 
S. Asher Ertel, 
and Joe Gillespie 


University of Kansas Medical Center. 


Inquiries to Marc M. Whitacre, M.D., Department of 
Ophthalmology, Sudler Hall, University of Kansas Medi- 
cal Center, 39th and Rainbow Blvd., Kansas City, KS 
66103. 

We have designed a 35-mm camera mount for 
ultrasound units, which is compatible with any 
35-mm camera. The mount consists of a sheet 
of ¥%s-inch-thick aluminum cut and bent to the 
configuration shown in the Figure. It is impor- 
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Figure (Whitacre, Ertel, and Gillespie). The 35-mm 
camera mount. The angles of the tab that protrudes 
from the sheet of aluminum are adjusted to be 
suitable for the height of the ultrasound screen. A 
tongue is connected to the tab by a wing-nut. The 
tongue has a long slot cut in it, allowing the camera 
to screen distance to be adjusted. The camera is 
secured by a ball joint to the tongue. 


tant that the aluminum be sufficiently massive 
to reduce undesirable vibration while the ultra- 
sound is being used or the camera adjusted. 

The mount does not interfere with the opera- 
tor’s view of the screen or the controls. The 
field of view and magnification of the camera 
are affected by the camera lens and the camera 
to screen distance. We use a thin extension tube 
and a 50-mm lens to fill the frame of the camera 
with the full screen of the ultrasound. The 
mount allows the camera to be moved toward 
or away from the screen so the field of the 
camera’s image can be adjusted. The mount 
also permits the camera to be swung away from 
the front of the ultrasound unit so the screen 
can more easily be seen when photographs are 
not desired or the ultrasound can be more 
conveniently stored or transported. 

A camera aperture of f16 with a shutter speed 
of ¥s second produce the best exposures on 
ASA 400 black and white film. The screen ‘‘re- 
fresh” rate usually limits the camera shutter 
speed to ¥s second or longer. It is not necessary 
to freeze the frame before taking a picture of 
the screen provided the image is steady. If a 


polarizing filter is used on the camera lens the 
room lights may be left on during photography 
of the ultrasound image, as the filter greatly 
reduces reflections off the ultrasound screen. 
The use of a polarizing filter increases the 
required exposure time. 

There are several advantages to recording 
ultrasounds on 35-mm film. The 35-mm film is 
cheaper and has higher resolution than Polar- 
oid film. The exposure can be varied over a 
much larger range than Polaroid film, allowing 
barely visible details on the screen to be more 
easily recorded. Processed 35-mm film is easier 
to store and is more compact. If processed 
photographs are needed immediately, the pho- 
tographer may use self-developing high-speed 
black and white or color slide film. 

An inexpensive 35-mm camera can produce 
excellent pictures of the screen. This camera 
mounting system system also allows a more 
sophisticated 35-mm system to be used, such as 
one with a motor drive and a remote shutter, 
which makes recording an ultrasound quick 
and convenient. Even a sophisticated 35-mm 
camera costs much less than the Polaroid cam- 
eras offered as accessories for ophthalmic ultra- 
sound units. 

We believe this mount expands the capabili- 
ties of photography of ultrasound screens, and 
provides cheaper and better quality records 
that are easier to store and reproduce than 
Polaroid photographs. 
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The Effect of Omitting Botulinum Toxin 
From the Lower Eyelid in 
Blepharospasm Treatment 


EDITOR: 

The article, “The effect of omitting botuli- 
num toxin from the lower eyelid in blepharo- 
spasm treatment” by B. R. Frueh, C. C. 
Nelson, J. F. Kapustiak, and D. C. Musch 
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(Am. J. Ophthalmol. 106:45, July 1988), pro- 
vides much interesting material concerning 
the important role of botulinum toxin in the 
treatment of benign essential blepharospasm. 
However, we think the authors make an un- 
supported recommendation from their data: 
“avoiding injection of toxin in the medial two 
thirds of the lower eyelid . . . diminishes the 
likelihood of diplopia.” 

In our combined series of over 80 patients 
with benign essential blepharospasm and 
hemifacial spasm we have had no cases of 
diplopia and only three cases of blepharopto- 
sis. We always inject the lateral and medial 
aspects of the upper and lower eyelids as de- 
scribed in our original article,’ with good re- 
sults. As noted in that article,! we use a su- 
perficial subcutaneous injection technique 
that raises a bleb. This technique has the ad- 
vantage of keeping the toxin close to the su- 
perficial protractors of the eyelids and away 
from the deeper retractors and oblique mus- 
cles, paralysis of which would contribute to 
diplopia and blepharoptosis. Interestingly, we 
noted an inadvertent deeper injection of toxin 
without bleb formation in at least one of the 
upper eyelids that developed temporary 
blepharoptosis. 

We believe it is imperative to inject the me- 
dial and lateral aspects of the lower eyelid in 
most cases of benign essential blepharospasm 
to get a good result. The two failures of place- 
bo reported in the article by Frueh and associ- 
ates support this concept. 

Overall, we believe the superficial injection 
technique is far more important in preventing 
diplopia and blepharoptosis than the location 
of the toxin injections. 

STUART R. SEIFF, M.D. 
San Francisco, California 
NORMAN SHORR, M.D. 
Los Angeles, California 
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Reply 


EDITOR: 
We believe Drs. Seiff and Shorr raise an 
interesting point in suggesting that injections 


that raise a bleb do not go deep enough to 
cause diplopia or blepharoptosis. It is not 
clear to us whether our method of injecting is 
different than that suggested by Seiff and 
Shorr. Our botulinum toxin injections are 
subcutaneous, intended to be beneath the 
skin but external to the muscle. This does 
usually result in elevation of surrounding thin 
eyelid skin, which might be described as a 
bleb. However, for the injections above the 
brow, in the glabellar area, and lateral to the 
lateral canthus, where the skin is thicker, no 
bleb is formed. It would require an intracuta- 
neous injection in these areas to create a bleb. 

Although the results of our study, in which 
two of 11 subjects receiving botulinum toxin 
in their lower eyelids developed diplopia 
while none of the 15 subjects receiving saline 
in their lower eyelids developed diplopia, did 
not demonstrate a significant difference be- 
tween the two groups, a previous study’ done 
by our group demonstrated that most diplo- 
pia from botulinum toxin injection is caused 
by weakening of the inferior oblique muscle, 
based upon analysis of a larger group of pa- 
tients with essential blepharospasm. Since the 
present study reported relief of spasm in 13 
of 15 patients receiving saline in their lower 
eyelid and in all 11 receiving botulinum toxin 
in their lower eyelid (also not a significantly 
different response), it seems appropriate to 
suggest avoidance of injection in the lower 
eyelid, at least into the areas near the inferior 
oblique muscle. 

For the past 172 years, we have restricted 
lower eyelid botulinum toxin injection to the 
lateral third of the lower eyelids when treat- 
ing facial spasm. Our injection responses 
seem comparable to the results we obtained 
when we injected medially and laterally in the 
lower eyelid, although our analysis on this 
point awaits completion. This preliminary 
finding, together with the results from our 
controlled study, would seem to counter Seiff 
and Shorr’s unsupported assertion that it is 
“imperative to inject the medial and lateral 
aspects of the lower eyelid in most cases.” 
Only a small percentage of patients will re- 
quire any lower eyelid toxin, and those who 
do will usually receive relief of spasm by in- 
jections confined to the lateral third of the 
lower eyelid. 

We thank Drs. Seiff and Shorr for their sug- 
gestion that an injection which raises a bleb is 
effective on the eyelid protractors and is less 
likely to affect deeper structures. Certification 
of the difference between their injection meth- 
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od and ours and a controlled study of their 
hypothesis would be helpful. 
BARTLEY R. FRUEH, M.D. 
CHRISTINE C. NELSON, M.D. 
DAVID C. MUSCH, Px.D. 
Ann Arbor, Michigan 
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Bilateral Anterior Uveitis and Interstitial 
Nephritis 


EDITOR: 

I read with great interest the article, ‘‘Bilat- 
eral anterior uveitis and interstitial nephri- 
tis,” by J. T. Rosenbaum (Am. J. Ophthalmol. 
105:534, May 1988). This author’s assessment 
that the incidence of the above association is 
2% is not supported by data. This article de- 
scribes three cases of histologically proved in- 
terstitial nephritis and two additional cases 
with a questionable diagnosis in 244 patients 
examined. Case 1 showed mostly “scattered 
peripheral intraretinal hemorrhages”; Case 2 
demonstrated anterior uveitis and in Case 3 
an intermediate type of uveitis was demon- 
strated. Because of the intraretinal hemor- 
rhages and the recurrent transient ischemic 
attacks (a phenomenon not previously report- 
ed as being associated with idiopathic inter- 
stitial nephritis) observed in Case 1, it is more 
likely that the patient suffered from embolic 
phenomena or microangiopathy, which may 
have affected both the kidneys and the retina. 

As for Cases 4 and 5 described in Dr. 
Rosenbaum’s article, one cannot accept the 
diagnosis of “idiopathic” interstitial nephritis 
without skepticism. In my opinion a more 
plausible diagnosis for these cases could be 
leptospirosis or toxoplasmosis. Both acquired 
toxoplasmosis and leptospirosis may induce 
the clinical symptoms and laboratory results 
reported for these cases. Moreover, the ocular 
manifestations in Case 5 (chorioretinal scar- 
ring, sheathing of the retinal vessels, and 
“yellow exudate”) are definitely more com- 
patible with acquired toxoplasmosis than with 


the “anterior uveitis” known to be associated 
with “idiopathic” interstitial nephritis. Only 
the clinical and laboratory findings of Cases 2 
and 3 described in this article are compatible 
with the possible diagnosis of the syndrome 
of uveitis and interstitial nephritis. Therefore, 
the incidence of this association among the 
patients seen by Dr. Rosenbaum is probably 
0.8% (two of 244) rather than 2%. This cor- 
rected figure is only slightly higher than the 
0.5% incidence observed in most uveitis clin- 
ics under the guidance of ophthalmologists. 

As an epilogue to my comments, I wish to 
emphasize that interstitial nephritis is strictly 
a histologic diagnosis whose manifestations 
can be induced by various unrelated factors. 
During the last 15 years we have observed 
four patients with bilateral uveitis and renal 
symptomatology (confirmed by percutaneous 
kidney biopsy) compatible with interstitial ne- 
phritis. Three of these patients were HLA-B27 
positive. In all, an infection with Klebsiella 
was suspected before the clinical detection of 
the renal (and ocular) problems. The ocular 
manifestations in these three patients were 
confined to the anterior uvea and responded 
well to local treatment with corticosteroid 
eyedrops and cycloplegia. The fourth patient 
was B27 negative. He had a bilateral pars 
planitis rather than anterior uveitis. Thorough 
laboratory investigations were unremarkable 
except for the serum antibody titer to lepto- 
spirosis, which was highly suggestive of an 
antecedent, subclinical infection with this 
agent. The intermediate uveitis in this patient 
responded only temporarily to treatment with 
systemic corticosteroids while the renal symp- 
toms disappeared. 

These four cases illustrate well the diversity 
of the problem and the need for careful labo- 
ratory and clinical assessments of individual 
patients suffering from both ocular and renal 
symptoms. Moreover, in specialized clinics, 
neither uveitis nor interstitial nephritis are 
rare phenomenon. Therefore the possible ran- 
dom association of the two symptomatologies 
in a few patients should always be kept in 
mind. 

D. BeNEzra, M.D. 
Jerusalem, Israel 


Reply 





EDITOR: 
I am gratified that Dr. BenEzra has made 
observations in Israel similar to my experi- 
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ence in the Pacific Northwest of the United 
States. He observed bilateral iritis in three pa- 
tients and bilateral intermediate uveitis in one 
patient in association with histologically prov- 
en interstitial nephritis. 

Dr. BenEzra raises several intriguing 
points. First, he questions the diagnosis of 
iritis in Case 1 of my report. The diagnosis of 
bilateral iritis had been made based on cell 
and flare in the anterior chamber by an oph- 
thalmologist in the community. Several 
months later when referred to me, the patient 
was receiving oral and topical corticosteroids. 
Only a minimal cellular response was still 
present in one anterior chamber. Dr. BenEzra 
also suggests that this patient’s recurrent 
transient loss of vision affecting always a sim- 
ilar portion of the visual field may have been 
due to “embolic phenomena or microangi- 
opathy.’”’ No source for emboli was found on 
cardiac or carotid study and the repetitive 
pattern of the symptoms makes emboli un- 
likely. Neither emboli nor microangiopathy 
were seen on renal biopsy. I am unclear as to 
how Dr. BenEzra would distinguish the “‘reti- 
nal vasculitis,” which I suspected from the 
microangiopathy that he suspects. 

Dr. BenEzra emphasizes that concomitant 
renal and ocular inflammation may originate 
from other causes such as sarcoid, Sjogren’s 
syndrome, and infections. It is extremely un- 
likely, however, that the patient described in 
Case 5 had acquired toxoplasmosis. As stated 
in my report, the chorioretinal scars did not 
appear to show active inflammation. These le- 
sions, therefore, may have been an incidental 
finding unrelated to the iritis. If this patient 
had a primary infection with toxoplasmosis to 
account for his ocular and systemic symp- 
toms, he should have had active chorioretinal 
inflammation. If he had a reactivation of ocu- 
lar toxoplasmosis (which is the mechanism by 
which this organism usually affects the eye), 
he should not have had any systemic manifes- 
tations. Additionally, the patient had active 
bilateral inflammation as is atypical of toxo- 
plasmosis and he had no evidence for posteri- 
or vitreous inflammation, which is character- 
istic of toxoplasmosis. 

Dr. BenEzra notes that three of his four 
patients with interstitial nephritis and bilater- 
al iritis were HLA-B27 positive. Both my pa- 
tients who were typed were HLA-B27 nega- 
tive. In uveitis causally associated with 
HLA-B27, 97% is unilateral rather than bilat- 
eral.' This suggests that Dr. BenEzra observed 
a random association. 


Dr. BenEzra indicates that interstitial ne- 
phritis is present in 0.5% of patients with 
uveitis. I have not seen similar published re- 
ports, but a prevalence of 0.5% is not incom- 
patible with the prevalence of 2% that I found 
in what I have stated is a select popu- 
lation. I am not aware of epidemiologic data 
on interstitial nephritis, but this specific renal 
abnormality is a rare disease with an inci- 
dence in the 28-month period covered by my 
article of far less than the 2% noted in my 
uveitis patient population. 

Finally, if the association of interstitial ne- 
phritis with uveitis is due to chance alone, 
the renal disease should be found equally 
among all subsets of uveitis. Patients whose 
uveitis is bilateral and anterior with or with- 
out a vitreous cellular infiltrate constitute ap- 
proximately 28% of my patient population. 
The likelihood that only this subset of pa- 
tients develops interstitial nephritis is thus 
(0.28)° or P = .002 for the five patients I de- 
scribed. The association of interstitial nephri- 
tis with this specific subset of patients with 
uveitis is also noted in the majority of pa- 
tients now described by Dr. BenEzra as well 
as in the previous reports of this association 
referenced in my article. Interstitial nephritis 
in association with bilateral anterior uveitis is, 
therefore, a distinct clinical entity. 

JAMES T. ROSENBAUM, M.D. 
Portland, Oregon 
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Management of Anterior Chamber 
Depth After Trabeculectomy 


EDITOR: 

We read with great interest the article 
“Management of anterior chamber depth after 
trabeculectomy,”’ by W. C. Steward and M. B. 
Shields (Am. J. Ophthalmol. 106:41, 1988). A 
thorough search of the literature would have 
disclosed the presence of our previous publi- 
cation’ on the subject, our report was appar- 
ently overlooked by the authors. We wish, 
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therefore, to bring the following points to 
your attention: 

1. The “classification scheme” (equivalent 
corneal thicknesses) used by the authors to 
grade anterior chamber depth is simply an 
adaptation of that which was first reported by 
us in 1977. 

2. Our data led us to advise, as did the 
authors, that intervention was not necessary, 
no matter how shallow the anterior chamber, 
unless lens-cornea touch developed after fil- 
tration surgery. 

3. We also reported that the development of 
lens-cornea touch was highly correlated with 
later cataract formation. 

4. We advised that reoperation in such cases 
be performed within 24 hours if lens-cornea 
touch persisted, and should consist of choroi- 
dal detachment drainage and anterior cham- 
ber reformation. We continue to make this 
recommendation as we have witnessed the re- 
development of lens-cornea touch after ante- 
rior chamber reformation alone. 

5. We do not believe that current evidence 
warrants the authors’ conclusion that eyes de- 
veloping lens-cornea touch are more likely to 
have a specific cause (such as choroidal de- 
tachment) when compared to eyes displaying 
only iris-cornea touch. The latter, for exam- 
ple, may simply have a thicker or less com- 
pressible iris, which acts to protect them from 
the development of lens-cornea touch. 

6. As we originally stated, our data (and 
theirs) do not support the commonly accepted 
belief that the incidence of flat anterior cham- 
ber is reduced after trabeculectomy when 


compared to the reported’ incidence after 
standard limbal fistulizing surgery performed 
without the dissection of a scleral flap. 
RICHARD J. MACKOOL, M.D. 
JORGE N. BUXTON, M.D. 
New York, New York 
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Reply 


EDITOR: 

Our sincere apologies to Drs. Mackool and 
Buxton for overlooking their excellent article. 
We are pleased that our findings were similar 
regarding the conservative management of 
shallow anterior chamber angles without lens- 
cornea touch after filtering surgery. Regard- 
ing the suggestion that eyes with lens-cornea 
touch are more likely to have a specific etiolo- 
gy for the flat chamber, this was simply our 
clinical observation, and we respect their dif- 
fering opinion. 

WILLIAM C. STEWART, M.D. 
M. BRUCE SHIELDS, M.D. 
Durham, North Carolina 











BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 





The Ophthalmic Assistant. Fundamentals and 
Clinical Practice, ed. 5. By Harold A. Stein, 
Bernard J. Slatt, and Raymond M. Stein. St. 
Louis, C. V. Mosby Co., 1988. Softcover, 923 
pages, index, illustrated. $43.95 


Reviewed by CHARLES B. DEICHMAN 
Cooperstown, New York 


The Basic Science section of this text, though 
brief, remains an excellent primer. Following 
chapters lead the reader through important 
aspects of clinical practice from front office 
efficiency, to history taking, preliminary exam- 
ination, understanding and maintenance of 
ophthalmic equipment, and ocular disorders of 
all types. Chapters covering soft and hard con- 
tact lens fitting and advanced fitting techniques 
have been retained from the previous edition, 
and excellent new chapters on automated visu- 
al fields and automated refractors have been 
added. 

The section, “Assisting the Surgeon,” covers 
aseptic techniques, the operative patient, and 
highlights of commonly performed ocular pro- 
cedures, plus new chapters describing lasers in 
ophthalmology and ambulatory surgery. 

Sections covering low vision, ocular motility, 
ophthalmic photography, and reading prob- 
lems in children are extremely worthwhile. 
Brief explanations of magnetic resonance imag- 
ing, computed tomography, and computers are 
new in this edition, and a chapter has been 
added on cardiopulmonary resuscitation. A 
number of appendices, a glossary, and a sup- 
plementary reading list complete the text. 

Most of the chapters are beautifully written 
with excellent philosophic observations. Each 
chapter concludes with review questions and a 
self-evaluation test. The quality of the referenc- 
es would be enhanced by appending selected 
reading lists at the end of each chapter. 

Some of the deficiencies in the fourth edition 
remain; specifically the black and white photo- 
graphic atlas, which has not been updated or 
cross-referenced. The color photographs are, 
however, excellent. The laser section is basic, 
and no clinical correlations are offered. Ambu- 
latory surgery is mentioned only briefly. 
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This volume will continue to be a delight to 
anyone who has an interest in or contact with 
ophthalmology; the criticisms outlined in this 
review should be considered minor cavils in an 
otherwise, superb and highly readable work. 





The World Through Blunted Sight. Revised edi- 
tion. By Patrick Trevor-Roper. London, Penguin 
Press, 1988. Hardcover, 207 pages, index, illus- 
trated. $24.95 


Reviewed by FRANk W. NEWELL 
Chicago, Illinois 


The author, the doyen of ophthalmic editors 
having edited the Transactions of the Ophthal- 
mological Societies of the United Kingdom for 
40 plus years, explores the way in which defec- 
tive vision influences art and character. His 
curiosity lets him wander widely as he tells of 
the influence of refractive errors on personali- 
ty, of colors in nature, eye dominance, and the 
effects of visual field abnormalities, and blind- 
ness. 

Thus, we learn that the Medicis were myopic 
and had a family history of gout (rheuma- 
tism?). Their myopia precluded soldiering and 
their enterprise found its outlet in banking. El 
Greco’s elongated images reflected Venetian 
naturalism and not astigmatism of the artist. 
Trevor-Roper tells of the color preferences of 
the Satin Bower-Birds (blue) and of anthropoid 
apes (red). Color blindness and color distortion 
in literature, and art particularly, merit a dis- 
cussion. Many examples of strabismus, mainly 
of exodeviation, are illustrated. The artist 
Giovanni Francesco Barbieri (Il Guercino) was 
exceptional in having pronounced esotropia. 

Trevor-Roper’s description of Paradise Lost, 
written after Milton became blind, reflects his 
flawless literary style, “All of those harmonies, 
stresses, caesuras, crowded syllables and paus- 
es that lend the poem its peculiar majesty come 
from the isolation—perhaps liberation—of his 
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spirit during those early years of total blind- 
ness.”’ 

A review of the first edition by A. P. Thomp- 
son in the British Medical Journal stated “I can 
imagine no more welcome gift than this book at 
Christmas or at any other time.” These words 
are still true. 


The New Medical Marketplace. A Physicians 
Guide to the Health Care Revolution. By Anne 
Stoline and Jonathan P. Weiner. Baltimore, 
Johns Hopkins University Press, 1988. Soft- 
cover, 210 pages, index, illustrated. 


Reviewed by Byron H. DEMOREST 
Sacramento, California 


This is a good book. It is recommended read- 
ing for those about to enter private practice and 
will be helpful to those working physicians 
who want a sharper perspective of the changes 
now affecting their practices. 

Authors Stoline and Weiner are knowledge- 
able and thorough. They divide their presenta- 
tion into two parts. The first part reviews the 
history and organization of our current United 
States health care system. Part 2 discusses and 
gives suggestions to physicians challenged 
with the dilemma of providing quality patient 
care at a reasonable cost. Informative tables 
and figures complement the various chapters 
and there is a remarkable 22-page bibliography. 

Two quotes will help to convey the message 
of the book: 


In sum, it appears that the new medical marketplace 
is many things. It is a vehicle for cost control in that 
many market innovations have been made for that 
specific reason. It is also a response to cost cutting 
initiatives, a way of making them work. But it is more 
than just a vehicle or response. It has taken on a life of 
its own. There is no returning to the fee-for-service and 
laissez-faire days of the 1960s. The revolution has 
occurred and the new medical marketplace is not only 
established but self perpetuating. 


Throughout this century, physicians had been 
among the most respected members of our society, and 
deservedly so. But to retain that respect, they must 
show very clearly that they are more than tradesmen. 


The material in this book is written crisply, is 
easy to understand, and provides a depth of 


knowledge not often found in a modest-sized 
volume. It is a fine teaching manual as well as 
an excellent reference book. 


A Brief History of Time From the Big Bang to 
Black Holes. By Stephen W. Hawking. New 
York, Bantam Books, 1988. 198 pages, index, 
illustrated. $24.95 


Reviewed by Jose S. PuLipo 
Iowa City, Iowa 


Recently, trying to reach out of my retina 
subspecialist cubbyhole, I went to a book store, 
and my attention was immediately drawn to a 
book with a cover picture of a gaunt man ina 
wheelchair. It was Stephen Hawking, the 
Lucasian professor of mathematics at Cam- 
bridge University—the same professorship 
held by Isaac Newton from 1669 to 1701. I had 
heard of Hawking and his long battle with 
amyotrophic lateral sclerosis. Even though con- 
fined to a wheelchair and unable to speak, he 
has been brilliantly able to wrestle with some of 
the toughest concepts in theoretical physics. 

This book is written for a wide audience, and 
mathematical formulae have been carefully 
avoided. There is only one equation in the 
whole book: the familiar E = Me. I found the 
second chapter (Space and Time) to be tough 
going, so I put the book down, depressed that I 
wasn’t able to follow even a simplified version 
of cosmologic physics. When I picked it up 
again, I tried a lighter section, which contained 
some vignettes of famous physicists. This scut- 
tlebutt was so fascinating that I went on to read 
Chapter 11, “Conclusion,” in which Hawking 
declares the purpose of his book and of his 
whole life. He wants the book to help philoso- 
phers, scientists, and ordinary people to un- 
derstand the cosmologic questions theoretical 
physicists are now dealing with. He laments 
that, because of the subspecialization, only a 
small handful of people understand the various 
interpretations of the Beginning and the End 
that are now under consideration. He believes 
books like his are important because we should 
all take part in the discussion of why it is that 
we exist and why the universe exists. His per- 
sonal goal, it seems, is to understand the mind 
of God by the mere application of human rea- 
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son. Some might think of this ambition as 
blasphemous, but I could only think of it as 
grand and courageous. With the nobility of Dr. 
Hawking’s aspirations in mind, I was able to 
start the book over again and read it through 
with more understanding. One of the main 
premises of the book is sure to be controversial 
because it holds that throughout history, as we 
have become more and more cognizant of the 
physical workings of things, the idea of God 
has been relegated to a smaller and smaller 
place and function. Hawking’s scheme of 
things doesn’t even allow God a hand in the Big 
Bang. God’s chief function seems to have been 
to create uncertainty. It is uncertainty that 
allows each question to lead on to more and 
more questions. Apparently, for some ques- 
tions the best answer is, necessarily, an ap- 
proximation. 

There are some sections, especially in the 


chapter on the origin and fate of the universe, 
in which Hawking somehow makes it seem that 
this is the best of all possible universes. This 
made me wonder for a moment whether even 
Stephen Hawking might be vulnerable to some 
large scale provincialism. 

We ophthalmologists should occasionally 
stop focusing on our own microcosm and look 
at some wider questions; and cosmologic ques- 
tions are some of the broadest and most in- 
triguing. A book like this demonstrates to us 
how a subject as difficult as theoretical physics 
can be put in words that even ordinary people 
can start to understand. Incomprehensible in- 
sider jargon is everywhere and I believe oph- 
thalmologists are among the worst offenders. 
We use catch phrases and abbreviations that 
even other physicians can’t understand. Read- 
ing a book like this should have a therapeutic 
humbling effect. 


ABSTRACT DEPARTMENT 


Edited by David Shoch, M.D. 





American Journal of Clinical 
Nutrition 

Nutritional status in persons with and without 
senile cataract. Blood vitamin and mineral 
levels. Jacques, P. F., Hartz, S. C., Chylack, 
L. T., McGandy, R. B., and Sadowski, J. A. 
(U.S.D.A. Hum. Nutrition Res., Ctr. on Aging, 
Tufts Univ., 711 Washington St., Boston, MA 
02111). Am. J. Clin. Nutr. 48:152, 1988. 


The authors examined 77 subjects who had a 
cataract in one or both eyes. Blood levels were 
determined for total carotenoids, fat soluble 
vitamins, vitamin C, some of the B-complex 
vitamins, and trace elements of zinc, copper, 
selenium, and magnesium. The most striking 
finding was the relationship of vitamin D and 
cataract risk. Since it has been suggested that 
cataracts are a response of the lens to sunlight, 
one might expect that patients with cataracts 
would have high vitamin D levels. Just the 
reverse was found to be true. There was a 
definite decrease in the vitamin D levels in 
patients with cataracts. A possible explanation 
was that patients with cataracts spend less time 
in the sun because of heightened sensitivity or 
blurred vision. The relationship of other nutri- 
ents to cataract formation is less clear. (6 tables, 
67 references)—David Shoch 


American Journal of Epidemiology 

Diabetic retinopathy and cardiovascular dis- 
ease in type Il diabetics. Hiller, R., Sperduto, 
R. D., Podgor, M. J., Ferris, F., and Wilson, 
P. W. F. (Biometry and Epidemiol. Prog., Natl. 
Eye Inst., Natl. Inst. Health, Bldg. 31, Room 
6A16, Bethesda, MD 20892). Am. J. Epidemiol. 
128:402, 1988. 


Among 206 patients with type II diabetes 
from the Framingham Eye Study, there was a 
high incidence of diabetic retinopathy and car- 
diovascular disease occurring together in pa- 
tients aged 52 to 64 years. In patients over the 
age of 65 years, there was a much lower likeli- 
hood of both diseases occurring together; there 
was no relationship between the two diseases 
in patients over the age of 75 years. The authors 
suggest that the high incidence of both diabetes 


and cardiovascular disease in the younger pa- 
tients results in increased mortality. Therefore, 
the older patients belong to a select population 
who did not have both entities at a younger 
age. The association is unusual in that diabetic 
retinopathy tends to be a microangiopathy, 
whereas cardiovascular disease is associated 
with large vessel disease. Microangiopathy 
may also play a role in large vessel disease. (5 
tables, 26 references)—David Shoch 


Annals of Neurology 


Chronic unilateral optic neuropathy. A magnet- 
ic resonance study. Eidelberg, D., Newton, 
M. R., Johnson, G., MacManus, D.G., 
McDonald, W. I., Miller, D. H., Halliday, A. M., 
Moseley, |. F., Heng, G. S., and Wright, J. (Dept. 
Clin. Neurol., Inst. Neurol., Queen Sq., London 
WC1N 3BG, England). Ann. Neurol. 24:3, 1988. 


The authors examined 20 patients with a 
chronic unilateral optic neuropathy by means 
of magnetic resonance imaging. They used a 
short TI inversion recovery sequence that clear- 
ly delineated the optic nerve from surrounding 
orbital tissue. In eight patients, the optic nerve 
was compressed by an extrinsic mass and in 
five patients there was an intrinsic tumor of the 
optic nerve or sheath. In the remaining seven 
patients no mass was evident but there was an 
alteration in the signal. In four patients, a 
Tə-weighted study showed periventricular le- 
sions indicating disseminated disease. (25 fig- 
ures, 2 tables, 35 references)—David Shoch 


British Journal of Ophthalmology 

Effect of single-dose ivermectin therapy on 
human Onchocerca volvulus infection with 
onchocercal ocular involvement. Newland, 
H. S., White, A. T., Greene, B. M., D'Anna, S., 
Keyvan-Larijani, E., Aziz, M., Williams, P., and 
Taylor, H. (116 Wilmer Bldg., Johns Hopkins 
Hosp., 600 N. Wolfe St., Baltimore, MD 21205). 
Br. J. Ophthalmol. 72:561, 1988. 


Two hundred patients who were heavily in- 
fected with onchocerciasis were randomly as- 
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signed to four groups, the first receiving a 
placebo and the other three receiving 100-, 
150-, or 200-mg/kg of body weight doses of 
ivermectin. The data were gathered in a 
double-masked fashion and the code was bro- 
ken at the end of six months. The patients were 
examined at 12 months without reference to the 
treatment code. All of the doses of ivermectin 
used were effective in reducing microfilaria in 
the eye as compared either to the placebo or 
pretreatment value. There were, however, 
more side effects with the 200-mg/kg of body 
weight dose than with the smaller doses. 
Ivermectin in a single oral dose appears to be 
safe and effective and free of major side effects. 
(8 figures, 3 tables, 30 references)—David 
Shoch 


Confidence intervals for change in automated 
visual fields. Hoskins, H. D., Magee, S.D., 
Drake, M. V., and Kidd, M. N. (Foundation for 
Glaucoma Res., 490 Post St., Suite 1042, San 
Francisco, CA 94102). Br. J. Ophthalmol. 72:591, 
1988. 


One of the problems that occurs when exam- 
ining serial automated visual fields is determin- 
ing whether or not a particular change is signif- 
icant. The authors reviewed three successive 
visual fields of 136 eyes in which the second 
field was depressed relative to the first. They 
then examined the third field to see whether 
this confirmed the change in the second field. 
They found that minimally damaged regions 
required between 4.7- and 5.6-dB change in 
mean sensitivity, whereas more damaged re- 
gions required between 5.5- and 7.2-dB change 
in mean sensitivity to satisfy a 95% confidence 
that the negative trend would also be found in 
the third field. The most sensitive field to 
change was the superior Bjerrum area; the 
lower temporal field was the least sensitive. It 
appears that fairly large changes are required 
between two successive fields to ensure that 
these changes are the result of disease rather 
than of experimental variability. (9 figures, 4 
tables, 7 references)—David Shoch 


Developmental Medicine and Child 
Neurology 

The unequal nystagmus test. Jan, J. E., McCor- 

mick, A. Q., and Hoyt, C. S. (Visually Impaired 

Prog., Children’s Hosp., 4480 Oak St., Vancou- 


ver, B.C., Canada V6H 3V4). Dev. Med. Child 
Neurol. 30:441, 1988. 


The presence of nystagmus of noncentral 
origin generally indicates poor visual acuity 
and foveal lesions rather than peripheral reti- 
nal lesions. The authors noted that the nystag- 
mus may differ in the two eyes when the eyes 
are alternately occluded. They found that the 
better eye has a more rapid nystagmus that is 
smaller in amplitude. Thus, by occluding one 
eye at a time one can identify which eye has the 
better vision. The authors documented differ- 
ences in visual acuity between 20/200 and 
20/100, 20/400 and 20/200, and no light percep- 
tion and counting fingers. The differential was 
not as accurate when visual acuity was 20/100 
in one eye and 20/80 in the other. Quantitative 
eye movement recordings should determine 
whether this clinical observation is valid. (4 
references)—David Shoch 


Journal of Cataract and Refractive 
Surgery 

Analysis of the need for secondary capsul- 

otomy during a five-year follow-up. Percival, 

S. P. B., and Setty, S. S. (Scarborough Hosp., 

Scarborough, North Yorkshire, YO12 6QL En- 

gland). J. Cataract Refract. Surg. 14:379, 1988. 


The authors examined 447 of 783 eyes five 
years after extracapsular cataract extraction. Of 
this group, 67 eyes had extracapsular surgery 
only without an implant and half of these 
required a capsulotomy. Of 159 eyes in which a 
Binkhorst iridocapsular lens had been inserted, 
one fourth required a capsulotomy. Three dif- 
ferent types of posterior chamber lenses were 
implanted. Of 216 eyes that experienced opaci- 
fication, 28 (13%) required capsulotomy. Thus, 
it would appear that the insertion of an implant 
reduces the incidence of capsular opacification 
and a true posterior chamber lens is better than 
an iridocapsular lens in this regard. However, 
the incidence of opacification after posterior 
chamber lens insertion may also be influenced 
by placement in the ciliary sulcus or the cap- 
sule. (3 tables, 16 references) —David Shoch 


Polycarbonate intraocular lenses. Yalon, M., 
Goldberg, E. P., Osborn, D., Stacholy, J., and 
Sheets, J. W. (Biomedical Engin. Ctr., Dept. Ma- 
terials Sci., Univ. Florida, MAE 217, Gainesville, 
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FL 32611). J. Cataract Refract. Surg. 14:393, 
1988. 


The authors implanted polycarbonate intra- 
ocular lenses into the anterior chamber of rab- 
bits to test the biocompatibility of this material. 
In seven eyes, planned extracapsular lens ex- 
traction was done before lens implantation. In 
the remaining six eyes, the lenses were im- 
planted in the anterior chamber over the crys- 
talline lens. The implants were left in place for 
22 years. No unusual reactions were noted on 
slit-lamp examinations. Histologic examination 
of enucleated globes after 24% years showed 
normal ocular structures with no foreign body 
reaction. Given the higher index of refraction, 
the autoclavability, and the superior mechani- 
cal strength of polycarbonate lenses, they may 
be an improvement over the currently used 
polymethylmethacrylate lenses. (4 figures, 1 
table, 4 references)—David Shoch 


Journal of Neurology, 
Neurosurgery and Psychiatry 
Restriction endonuclease analysis of leukocyte 
mitochondrial DNA in Leber’s optic atrophy. 
Holt, J., Miller, D. H., and Harding, A. E. (Univ. 
Dept. Clin. Neurol., Inst. Neurol., Queen Sq., 
London WC1N 3BG, England). J. Neurol. Neuro- 

surg. Psychiatry 51:1075, 1988. 


It has been suggested that Leber’s optic atro- 
phy may be a mitochondrial disease caused by 
mutations of mitochondrial DNA. To evaluate 
this hypothesis, the authors examined 16 pa- 
tients with Leber’s optic atrophy, 28 normal 
maternal relatives, and 35 normal control sub- 
jects. They found no differences in restriction 
fragment patterns between the affected and 
unaffected relatives. There was no evidence of 
major deletion of mitochondrial DNA in the 
affected patients. Generally, mitochondrial 
DNA codes for the mitochondrial respiratory 
chain and is involved in mitochondrial myopa- 
thies. There may be a common enzyme involv- 
ing both myopathies and optic atrophy, but this 
has not been shown. The authors were unable 
to support or refute the hypothesis that mito- 
chondrial DNA plays a role in Leber’s disease. 
(38 references)—David Shoch 


Nature 


Low retinal noise in animals with low body 
temperature allows high visual sensitivity. 
Aho, A. C., Donner, K., Hyden, C., Larsen, L. O., 
and Reuter, T. (Dept. Zool., Univ. Helsinki, Fin- 
land). Nature 334:348, 1988. 


Theoretically, the impact of one photon ona 
receptor results in the sensation of light. Actu- 
ally, the normal random thermal isomerization 
in the retina masks such a small stimulus. It 
was shown some 40 years ago that the minimal 
stimulus to cause a dim sensation of light in 
humans is about a dozen quanta. Since thermal 
events are temperature sensitive, it would 
seem reasonable to assume that there would be 
more retinal noise at higher temperatures and 
less at low temperatures. The lower the retinal 
noise, the more likely it is that a purposeful 
stimulus would be recognized by the retina. In 
dark-adapted toads and frogs, the visually 
guided behavior of these animals was deter- 
mined by the isomerization rate which in turn 
was controlled by the temperature. Thus, so- 
called cold-blooded animals have greater sensi- 
tivity at dusk or in the early morning than do 
mammals and birds that function at higher 
body temperatures. The higher temperatures 
increase the random isomerization rate of rho- 
dopsin molecules and thus reduce sensitivity in 
dim light. (3 figures, 19 references)—David 
Shoch 


New England Journal of Medicine 

Regeneration and repair of myelinated fibers in 
sural-nerve biopsy specimens from patients 
with diabetic neuropathy treated with 
sorbinil. Sima, A., Bril, V., Nathaniel, V., 
McEwen, T., Brown, M., Lattimer, S., and 
Greene, D. (5510 MSRB |, Box 0680, 1150 W. 
Med. Ctr. Dr., Ann Arbor, MI 48109). N. Engl. J. 
Med. 319:548, 1988. 


Diabetic neuropathy and diabetic cataracts 
are thought to be related to an accumulation of 
sorbitol in their respective tissues. Sorbitol ac- 
cumulates through the aldose reductase path- 
way. It has been postulated that inhibition of 
this pathway will reduce the sorbitol accumula- 
tion, perhaps reversing the changes in the 
nerve fibers and stop the opacification of the 
lens. To evaluate this premise, the authors 
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performed a randomized, placebo-controlled, 
double-masked trial of the aldose reductase 
inhibitor, sorbinil. Sural nerve biopsy speci- 
mens were obtained at baseline and after one 
year. The sorbinil-treated patients had a de- 
crease in the nerve sorbitol compound content 
of about 40% and about a fourfold increase in 
the number of regenerating myelinated nerve 
fibers. The increase in the number of nerve 
fibers was accompanied by electrophysiologic 
and clinical evidence of improved nerve func- 
tion. Thus, hyperglycemia, which activates the 
aldose reductase pathway, may be responsible 
for diabetic neuropathy and perhaps, by exten- 
sion, may play a role in diabetic cataract func- 
tion. (5 figures, 1 table, 65 references)—David 
Shoch 


Patterns of eye-hand dominance in baseball 
players. Portal, J. M., and Romano, P. (Univ. 
Florida College of Med., Gainesville, FL 32610- 
0284). N. Engl. J. Med. 319:655, 1988. 


To assess the eye-hand dominance in relation 
to athletic ability, the authors measured eye 
dominance by a pointed sighting test and a 
hole-in-the-card test. In a normal population, 
65% had uncrossed eye/hand dominance. Most 
of these subjects were right eyed and right 
handed; only 5% were left eyed and left hand- 
ed. Eighteen percent had crossed eye/hand pat- 
terns with most of them being right eyed and 
left handed. Seventeen percent had central oc- 
ular dominance and most of these were central 
eyed and right handed. These normal figures 
were compared with those of baseball players 
on a university team. Twice as many ball play- 
ers had crossed eye/hand dominance as com- 
pared to normals, but the best batters and 
pitchers were those who were central eyed and 
either right or left handed. The authors suggest 
that eye/hand dominance might be used to 
direct athletes into the appropriate activity but 
warn against trying to change the dominant 
hand or eye. (1 table, 9 references)—David 
Shoch 


Plastic and Reconstructive 
Surgery 
Blindness following fat injections. Teimourian, 
B. (11125 Rockville Pike, Rockville, MD 20852- 
3176). Plast. Reconstr. Surg. 82:361, 1988. 


A 45-year-old woman was seen two days after 
receiving fat injections into the glabellar of the 
forehead to erase frown lines. The fat was 
taken from the abdomen. By history it was 
noted that blindness occurred in her right eye 
immediately after the injection and was associ- 
ated with excruciating pain in the right eye. 
Examination demonstrated a central retinal ar- 
tery thrombosis. The author believes that this 
was probably the result of fat particle 
embolism.—David Shoch 


Quarterly Journal of Medicine 


The relationship of brachiocephalic vessel ath- 
eroma to transient ischemia of the brain and 
retina. Ross, R. T., Morrow, |. M., and Cheang, 
M. S. (GF543-7000 William Ave., Winnipeg, 
Manitoba, Canada R3E 0Z3). Q. J. Med. 67:487, 
1988. 


To define the relationship of carotid disease 
in transient cerebral ischemia or monocular 
blindness, the authors performed carotid and 
cerebral angiography on 464 patients who had 
complaints relating to the brachiocephalic ves- 
sel system. About half the patients had either 
right- or left-sided transient ischemic attacks 
and about 20% had monocular blindness. 
When considering these major symptoms, the 
largest group of patients had equally severe 
carotid artery disease on both sides irrespective 
of the side of the symptoms. Of the patients 
with either right-or left-sided transient ische- 
mic attacks, 30% had normal vessels as did 20% 
of the patients with transient monocular blind- 
ness. Generally, there was poor correlation 
between the side of the lesion and the side of 
the symptoms. However, if the carotid artery 
was 75% or more occluded, there was a strong 
correlation between the lesion and the side of 
the symptoms. (6 tables, 9 references)—David 
Shoch 


Transplantation Proceedings 


Cyclosporine in the treatment of birdshot reti- 
nochoroidopathy. Le Hoang, P., Girard, B., 
Deray, G., Le Minh, H., De Kozak, Y., Thillaye, 
B., Faure, J. P., and Rousselie, F. (Dept. Oph- 
thalmol., Pitie-Salpetriere Hosp., Paris, France). 
Transplant. Proc. 20:128, 1988. 
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Cyclosporine was used to treat 21 patients 
who had an appearance typical of birdshot 
retinochoroidopathy and were HLA-A29 posi- 
tive. Seventeen patients had also received 
treatment with corticosteroids and cytotoxic 
agents or multiple plasma exchanges. Four pa- 
tients were treated primarily with cyclosporine. 
Visual acuity was improved in 23 eyes and had 
stabilized in 11. Despite reduction in inflamma- 
tion, visual acuity deteriorated in eight eyes. 
The side effects of cyclosporine include asthe- 
nia, hyperesthesia, hirsutism, gastrointestinal 
signs, headaches, and backaches. The major 
side effect is nephrotoxicity. Creatinine levels 
in the blood must be measured frequently. (2 
figures, 1 table, 7 references)—David Shoch 


Cyclosporine A treatment in four cases with 
corneal melting syndrome. Kruit, P.J. 
(Diaconessenhuis, Houtlaan 55, P.O. Box 9650, 
2300 RD Leiden, The Netherlands). Transplant. 
Proc. 20:170, 1988. 


Cyclosporine is a peptide derived from the 
fungus Tolypocladium inflatum Gams. Its molecu- 
lar structure is unlike that of other substances 
that suppress the immune reaction, and it is 
therefore a prototype for a new class of immu- 
nosuppressive drugs. It inhibits deoxyribonu- 
cleic acid, ribonucleic acid, protein synthesis, 
and lymphokine release. Cyclosporine inhibits 
both IgG and IgM antibody responses to cell 
surface antigens. The treatment of the corneal 
melting syndrome has been first to excise the 
conjunctiva adjacent to the corneal melting to 
diminish the production of collagenase. The 
authors also hypothesized that adding cyclo- 
sporine to inhibit the autoimmune response 
would improve the healing process. In four 
patients with corneal melting syndrome, the 
corneal melting healed in all but one patient. 
The fourth patient had scleral melting which 
showed no improvement and eventually perfo- 
rated. (13 references)—David Shoch 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 

The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length. Announcements of meetings 
and courses must be received at least four months before 
the event. 


American Academy of Ophthalmology: 
Future Meetings 


Future meetings of the American Academy of 
Ophthalmology are as follows: 

Oct. 29-Nov. 2, 1989—New Orleans 

Oct. 28-Nov. 1, 1990—Atlanta 

Oct. 13-17, 1991—Anaheim 

Nov. 8-12, 1992—Dallas 

Nov. 14-18, 1993—Chicago 

Oct. 30-Nov. 3, 1994—San Francisco 

Oct. 29-Nov. 2, 1995—Atlanta 

Oct. 6-10, 1996—Chicago (Centennial) 

Oct. 26-30, 1997—San Francisco 

Nov. 8-12, 1998—New Orleans 


XXVI International Congress of 
Ophthalmology 


The XXVI International Congress of Ophthal- 
mology is scheduled for March 18-24, 1990, in 
Singapore. Arthur S. M. Lim, Singapore, is 
President of the Congress. For further informa- 
tion, write The Congress Secretariat, XXVI In- 
ternational Congress of Ophthalmology, c/o 
Department of Ophthalmology, National Uni- 
versity Hospital, Lower Kent Ridge Rd., Singa- 
pore 0511. 


Asia-Pacific Intraocular Implant 
Association: The Third International 
Cataract, Implant, Microsurgical and 
Refractive Keratoplasty Meeting 


The Asia-Pacific Intraocular Implant Associa- 
tion will sponsor The Third International Cata- 
ract, Implant, Microsurgical and Refractive 
Keratoplasty Meeting, May 27-28, 1989. For 
further information, write Fumihiko Hayashi, 
M.D., Hayashi Eye Hospital 4-7-13 
Hakataekimae, Hakata-ku, Fukoka 812, Japan. 
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Pan-American Glaucoma Society Meeting 


The Pan-American Glaucoma Society will 
hold a meeting, Sept. 3, 1989, in Rio de Janeiro, 
Brazil, in conjunction with the Congress of the 
Pan-American Association of Ophthalmology. 
For further information, write James A. Savage, 
M.D., North American Coordinator, 308 S. 
Henderson, Ft. Worth, TX 76104. 


Twenty-Second Panhellenic 
Ophthalmological Congress 


The 22nd Panhellenic Ophthalmological 
Congress will be held May 25-29, 1989, in 
Athens, Greece. For further information, write 
Professor John Koliopoulos, Secretariat, 22nd 
Panhellenic Ophthalmological Congress, 10, 
Loukianou St., 106 75 Athens, Greece. 


Howard University: Second Caribbean 
Glaucoma Symposium 


Howard University, Division of Ophthalmol- 
ogy, will sponsor the Second Caribbean Glau- 
coma Symposium, March 17 and 18, 1989, in St. 
Thomas, U.S. Virgin Islands. For further infor- 
mation, write Mary Bryant, Howard University 
Hospital, Division of Ophthalmology, 2041 
Georgia Ave., N.W., Washington, DC 20060. 


University of Nebraska: Ophthalmic and 
Facial Plastic Surgery Meeting 


The University of Nebraska and Creighton 
University Schools of Medicine will sponsor an 
ophthalmic and facial plastic surgery meeting, 
Feb. 11-18, 1989, in Park City, Utah. For further 
information, write Park City Oculoplastic 
Meeting, Jeffrey C. Popp, M.D., Oculoplastic 
Surgery, 8300 Dodge St., Suite 200, Omaha, NE 
68114. 


New York Eye and Ear Infirmary: Basic 
Subjects in Ophthalmology 


The New York Eye and Ear Infirmary will 
sponsor Basic Subjects in Ophthalmology, 
March 6-11, 1989, in New York, New York. For 
further information, write Jane Stark, Regis- 
trar, Post-Graduate Institute, New York Eye 
and Ear Infirmary, 310 E. 14th St., New York, 
NY 10003. 
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Presbyterian Hospital Dallas: 11th Annual 
Dallas Spring Ophthalmology Symposium 


Presbyterian Hospital will sponsor the Elev- 
enth Annual Dallas Spring Ophthalmology 
Symposium, March 31 and April 1, 1989, in 
Dallas, Texas. For further information, write 
Ladelle Smith, Presbyterian Hospital, 8220 
Walnut Hill Lane, #700, Dallas, TX 75231. 


The Eye Research Institute of Retina 
Foundation: 18th Annual Course in 
Practical Aspects of Photocoagulation 


The Eye Research Institute of Retina Founda- 
tion will hold the 18th Annual Course in Practi- 
cal Aspects of Photocoagulation, March 30 to 
April 1, 1989, in Boston, Massachusetts. For 
further information, write J. Wallace McMeel, 
M.D., 100 Charles River Plaza, Boston, MA 
02114. 


Saint John’s Hospital and Health Center: 
Retina Update 1989 


Saint John’s Hospital and Health Center will 
present Retina Update 1989, Feb. 4, 1989, in Los 
Angeles, California. For further information, 
write Saint John’s Hospital and Health Center, 
Workshop Coordinator, 2021 Santa Monica 
Blvd., Suite 720E, Santa Monica, CA 90404. 


The Sarasota Retina Institute: Third Annual 
Sarasota Vitreoretinal Update Course 


The Sarasota Retina Institute will present the 
Third Annual Sarasota Vitreoretinal Update 
Course, Feb. 23-25, 1989, in Longboat Key, 
Florida. For further information, write Adrain 
Tibbetts, 3400 Bee Ridge Rd., Sarasota, FL 
34239. 


University of Texas Houston: 1989 Basic 
Science Course in Ophthalmology and 1989 
Houston Ophthalmology Review Course 


The University of Texas at Houston will spon- 
sor two courses: 1989 Basic Science Course in 
Ophthalmology, Jan. 9 to Feb. 3, 1989, in Hous- 
ton, Texas. For further information, write Basic 
Science Course in Ophthalmology, Hermann 
Eye Center, 6411 Fannin St., Houston, TX 
77030. The 13th Annual Houston Ophthalmolo- 
gy Review Course will be held March 13-18, 
1989, in Houston, Texas. For furthei informa- 
tion, write Houston Ophthalmology Review 
Course, Department of Ophthalmology, 
Hermann Eye Center, 6511 Fannin St., Hous- 
ton, TX 77030. 


Utah Ophthalmological Society: Annual 
Winter Meeting 


The Utah Ophthalmological Society will hold 
its Annual Winter Meeting, Feb. 21-24, 1989, in 
Salt Lake City, Utah. For further information, 
write Carol Leavitt, Director of Communica- 
tions, Utah Ophthalmological Society, 540 East 
Fifth South, Salt Lake City, UT 84102. 


Conjunctival Impression Cytology for 
Assessment of Vitamin A Status (CIC-A) 
Training Manual 


CIC-A is a technique for assessment of vita- 
min A status in communities. This method 
consists of applying narrow strips of mixed 
esters-cellulose filter paper to the bulbar con- 
junctiva. Specimens are then fixed and stained. 
Interpretation is based on histologic changes of 
the epithelium associated with vitamin A defi- 
ciency. 

A training manual for CIC-A is now available 
providing step-by-step instructions with nu- 
merous photographs and illustrations. The 
manual is free of charge while supplies last. 
Please send your name and address to Vitamin 
A Coordinator, Impression Cytology Manual, 
ICEPO, Wilmer Room 120, The Johns Hopkins 
Hospital, 600 N. Wolfe St., Baltimore, MD 
21205. 


Personals 





Dr. and Mrs. Norval E. Christy 


Dr. and Mrs. Norval E. Christy received the 
Helen Keller International Award in honor of 
their medical, surgical, and ophthalmological 
services and training of the staff at the Chris- 
tian Hospital, Taxila, Pakistan, as Presbyterian 
missionaries. A highly skilled and qualified 
team of Pakistani ophthalmologists and nurses 
will continue their work and expand services 
within the country. The Helen Keller Interna- 
tional Award recognizes outstanding contribu- 
tions to the alleviation of blindness on a world- 
wide scale. 


David W. Yandell 


The American Cancer Society awarded a Jun- 
ior Faculty Research Award of $87,406 to the 
Massachusetts Eye and Ear Infirmary in sup- 
port of David W. Yandell, Ph.D. Dr. Yandell is 
researching the development of a genetic test 
for retinoblastoma. 
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Two ways to lower the cost of glaucoma therapy. 


Pilocar® alone 
(pilocarpine HCI) 
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Twin-Pack prescription 
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than any other brand name 
pilocarpine — even some 
generics. And Pilocar® 
has the IOLAB quality 
assurance behind each 
bottle. 
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Pilocar® 
concomitantly. 


_ Pilocar® adds much 


less expense to already 
expensive beta-blocker 
therapy. Compare Pilocar® 
to other concomitant ther- 
apies that cost up to five 
times as much. Pilocar® 
provides your patients with 
an effective concomitant 
therapy they can afford. 
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data. BioRad’s standard adaptive screening progre 
utilizing 100 points in a 30° field runs 40% faster (2. 
Sal } e mins.) than competitive machines. In full threshhold® 
s testing, where reduced patient fatigue is most critical 
the Digilab Series is in excess of 60% faster (8.0 mins) 


Our unique LED System (compared to slo 
mechanical projection devices) provides you with th 
extra edge — less patient fatigue for more reliable result 

` At BioRad we are committed to the high standards 
quality eyecare diagnostics for the 1990's. 4 


When choosing an automated perimeter, select a 
system that challenges today’s standard of eyecare— 
The Cambridge—The 750—or the 1500 from BioRad. 


| For more information on our full line of Perimeters, 
Tonometers and VEP Systems, and a copy of ou 
booklet entitled “The Economics of Diagnostic Testing) 
on Your Practice” please call 1- 800- 777-3356. 
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